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Ihese  guidelines  for  inplos^tirg  the  Corps'  policy  on  ''Ewduating 
Modification  of  Existirag  Related  to  I^?drologic  Deficieiicies"  ar©  aroorg 
the  first  products  of  the  dam  safety  risk  analysis  rese3.rch  program.  _  Hie 
research  program  was  initiated  as  a  conseqsjence  of  Secretat^f  Gianslli's 
requi^  for  a  "v/®3.1“-ordered  spillway  design  process"  for  ©dsting  dams^ 
requiring  remedial  rosasures  for  h^^rologic  capacity  deficiesici&So  It  is 
expected  that  tii®  guidelines  will  bs  updatai  and  expanded  ^cxmtJnuously, 
thrtxB^out  the  of  the  research  pregram,  as  better  iitforatation  ard 

familiarity  with  risk  analysis  application  is  adiieved.  Since  m«A  of  the 
research  is  xmderway,  the  discussion  of  furdaa^tal  evaltiation  prir^ipl^ 

(Part  II)  and  guidan^  for  corductirg  Riasa  II  risk  analysis  (Part  IV)  has  not 
been  incorporated  into  this  report. 


Hie  Institute  for  Water  Resources  (IWR)  was  tasked  to  develop  the 
necessary  evaluation  guidelines  and  aricilytical  teciinicjaes  needed  for  dam 
safety  risk  analysis.  Hie  I^drolcgic  Engineerirg  Center  (KEC)  was  asked  to 
cooperate  with  IWR  in  developing  the  hydraulic  ard  hydrologic  information  base 
for  analysis.  Hie  guidance  to  the  field  eperatirg  activities  (POAs)  is  geared 
to  rapid  dissemination  of  interim  guidelines  and  iranuals  to  assist  in 
pir^jaring  dam  rdiafoilitation  r^orts  for  use  in  justi^ing  current 
programmatic  budgeting  of  dam  safety  new  starts.  Also,  the  researoii  program 
will  prcduce  ssverzil,  more  detailed  case  study  analyse  and  technical  reports. 
Many  of  the  evaluation  principles  within  this  manual  are  derived  from  the 
National  Rj^earch  Council's  r^)ort  on  "Safety  of  Etens:  Flood  ard  Earthquake 
Criteria"  (1985) .  . 

Mr.  Donald  EXJincan,  (CMN-O®) ,  h^  b^n  the  (XE  coorxdmator  of  the  dam 
safety  r:lsk  researcdi  pirogram,  acting  as  the  designated  liaison  between  the 
Office  of  the  Assistant  Secretary  of  the  Army  for  Civil  Works,  the  Erginserirg 
ard  Construction  Directorate,  various  OCE  divisions,  aM  the  Institute  for 
Water  Resoixces.  Mr.  Vernon  Efegsn,  (ttvS'KS'H) ,  is  nw  retir^,  initia-^ 
the  oversigiit  of  the  hydrology  and  h^raulics  conponsnt  of  the  risk  analysis 
resaai.td'1  program,  espscial].y  with  resgi^ct  to  the  vrork  of  the  I^xologic 
ErgirKsering  Center.  Mr.  Rcy  HaffiRan,  (DAEN-CWH) ,  curr^Uy  M.fills  that 
role,  jointly  sharing  the  various  coordination  responsibilities  with  Mr. 

Doneild  Dunccjn.  Hia  research  study  managers  are  Mr.  Eugene  StakMv  (IWR)  ard 
Mr.  Arlen  Falten  (HEC) .  Hils  guidelines  manual  was  authored,  by  Eugene 
Stakliiv  and  teu  David'Moser  (IWR) .  Messrs.  Rmcan,  Huffman,  a.nd  Hagen 
provided  detailed  revi®?  ccEiirsiits  on  several  draft  versions,  as  v?all  as 
suggest ior^  for  restruebrrirg  the  report.  We  are  grateful  to  Corps  District 
personnel  for  tHeir  extensive  review  of  tlie  drB.ft  guidelines. 
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Section  I 


INERDIXTCnCS^ 


Hie  guidelines  for  evaluating  Hodifications  of  eicisting  qse®  relate  to 
hydrologic  deficiencies  currently  represent  an  inccstplete  and  partial 
fulfillment  of  an  evaluation  approacii  agreed  to  by  the  Office  of  the  Secretary 
of  the  Amy  (CW)  and  the  Office  of  the  Chief  of  Engineers.  Hia  broad 
evaluation  philosophy  and  basis  for  a  two-phased  procedure  is  covered  in  the 
DAEN-O^/DAEN-EC  policy  letter  of  8  ^ril  1985  B] .  Hie  ”Giu.delines' 

focus  exclusively  on  procaiures  vhich  serve  to  quantify  the  evaluation 
principles  that  underlie  the  first  phase  of  analysis  express©!  in  the  policy 
letter.  A  a  descriptive  convenience,  the  first  phase  has  been  tem^  hazard 
assessment  in  order  to  s^iarate  it  from  the  more  formal,  analytically  oriented 
risk-analysis  phase,  vhidi  would  only  be  v?arranted  under  certain  conditions. 

It  is  ei^jected  that  the  Riase  I  guidelines,  contained  herein,  [Part  III], 
yill  be  review)^  and  as  experience  with  their  application  and  the 

results  of  the  researdi  program  contribute  to  the  refinenent  of  the  evaluation 
principles  and  techniques.  Phase  I  guidelines  will  se^e  as  the  nucleus  of  a 
manual  for  dam  safety  risk  analysis  vAiich  will  be  continuously  vpdatei  as  new 
information  becomes  available. 

An  overview  of  the  history  and  evolution  of  the  ideas  underlying  the 
Corps'  policy  is  presented  in  J^pendix  A  of  this  r^rt.  Hie  key  point  to 
consider  is  that  the  Ehase  I  evaluation  ^losophy  is  based  on  a  set  of 
premises  vMdi  rely  on  a  hypothetical  "with"  versus  "without"  dam  failure 
ocnparison  of  econcanic  losses  and  potential  loss  of  life. 

Althou^  the  "Guideline"  are  structured  as  a  series  of  continuous 
anadytical  prcosdures  and  display  steps,  Riase  I  is  a  two-psart  procedure  vdiich 
serv^  as  boQi  a  screening  device  aM  an  evaluation  of  alternative  remedial 
measures.  Hie  idea  l^hind  the  first  part  (STEPS  1-11)  is  to  separate  the  dams 
requiring  remedial  measures  for  hydrolcgic/^ydraulic  deficiencies  into  two 
categories:  (1)  those  v^ch  should  be  upgraded  to  fully  meet  the  traditional 
Prcbable  Maximum  Flood  (FMF)  design  criterion,  and?  (2)  those  dans  vMch  can 
be  considered  hydrologically  adequate  without  fully  meeting  a  IMF  design. 

Hiose  daiiBg  that  aire  in  the  second  category  will  require  a  risk-cost  analysis 
for  designs  beyond  that  warranted  under  Phase  I.  Hiis  risk-c^t  analysis  will 
be  COTBducted  in  Ehase  II.  Hie  procedures  for  Hiase  II  analysis  are  currently 
being  developoi  cis  part  of  a  resssirch  program. 

Hie  secorri  piart  of  Phase  I  analysis  fcxiuses  on  the  evaluation  of 
eilteniative  rsi^ial  measure  vSiidi  can  provide  the  requisite  level  of  dam 
safety.  Both  parts  rely  on  the  same  information  base  for  screenir^  ard  for 
choices  anrang  alternatives.  Hie  basis  for  choices  d^ierds  on  a  coinpeurison  of 
econatiic  losses  anc3/or  loss  of  life  "with"  and  "without"  the  remedial 
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maasur^.  ISiat  is,  eadi  proposal  alternative  renoiial  measure  r^ults  in 
different  asnsayiences  on  the  upstream  and  downstream  populatior^,  both  in  a 
"ran-“failuEe"  cx)rdition  as  well  as  a  "failure  cxsr^tion."  tothermore,  some 
remedial  neasur^,  sudi  as  lowering  the  spillway  carest,  my  increase  the 

of  non-failure  flood  losses,  v^aile  others,  such  as  raisir^  the  dam 
crest,  my  increase  the  flood  losses  with  dam  failure. 

Hie  choice  of  the  iKsst  risk-cost  effective  alternative,  then,  is  more 
than  siix^ly  selectir^  the  least-cost  alternative  that  will  meet  the  design 
level  warranbai  by  Fhase  I.  The  choice  requires  a  juc^ment^  balancing  of 
rasidual  effects,  cxsts,  and  loss  of  life  developai  in  detail  as  part  of  Phase 
I  amlysis.  Either  economic  leases  or  loss  of  life  or  both  may  serve  as  a 
basis  for  the  selection  of  the  roost  appropriate  rerr^iial  measure.  The 
proc^iures  provide  the  requisite  analytical  steps  aid  display  of  information 
ne©ied  for  this  sel^ntion. 
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SECTION  II  -  TECHNICAL  ISSUES 


1.  Risk  and  Uhcertainty  Evaluation  Principles 

[To  be  oonpleted] 

2.  Hydrologic  and  Hydraulic  Uncertainly 

[To  be  couplet^] 
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[To  be  corpleted] 
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[To  be  conpleted] 

5.  Lipacts  (Regional,  social  and  environmental 

[To  be  conpleted] 

6.  Data  Requirements 

[To  be  conpleted] 
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Section  III 


Example  i^plicaticai  of  Riase  I  Analysis  of  Safety 
Modifications  for  Kydrologically  Deficient  Dams 


Introduction 

This  section  provides  a  st^  by  step  procedure  to  conduct  Fhase  I 
analysis  for  the  evaluation  of  safety  modifications  for  hydrologically 
deficient  dams  based  on  the  policy  set  forth  in  the  DAEN-CW/DAEN-EC  letter  of 
8  April  1983  (Appendix  B) .  The  procedures  are  primarily  intended  for  the 
evaluation  of  structurally  sound  earthfill  dams  that  may  fail  if  inflow  flood 
events  exceed  those  for  ^hich  the  structure  was  designed.  Because  of  changes 
in  the  rates  and  volumes  of  inflow  events  since  the  original  design  and 
construction,  these  dams  may  not  safely  pass  i;pdated  estinates  of  extreme 
flood  events  derived  by  using  the  current  Probable  Maximum  Precipitation  (IMP) 
estimates  frcm  the  applicable  National  Weather  Service  general  or  site 
specific  hydroameteorological  reports. 

Ihase  I  analysis  focuses  on  the  assessment  of  the  adverse  consequences 
from  reservoir  inflow  events  eis  a  precursor  to  the  formulation  of  remedial 
design  alternatives.  Proposed  alternative  modifications  are  designed  to 
reduce  the  level  of  the  adverse  consequences  and/or  the  likelihood  of  the 
adverse  consequences  occurring.  Adverse  consequences  i^lude  possible  social, 
eooncaidc,  and  environmental  losses  that  can  occur  due  to  abnormally  high 
reservoir  levels.  Primarily,  however,  the  modifications  are  considered  to 
reduce  the  likelihood  or  consequences  of  an  uncontrolled  release  of  water  due 
to  dam  or  appurtenant  structure  failure. 

The  evalmtion  steps  in  Ehase  I  serve  to  establi^  the  base  safety 
condition  (KC)  vMch  is  the  ndiiiraura  flood  event  for  viiich  the  preposed 
modification  should  be  designed.  In  determining  the  BSC,  the  ancilyst  must 
evaluate  the  adverse  failure  cons^uances  from  combinations  of  alternative 
modifications  and  inflo*?  flood  events  and  carpare  these  consequences  to  those 
that  would  have  occurred  without  the  failure  of  the  dan  from  that  same  set  of 
flood  events.  The  base  safety  condition  flood  event  is  smallest  inflow  flood 
vhere  tiiere  is  no  significant  increase  in  adverse  consequences  from  dam 
failure  compared  to  non-fail\ire  adverse  consequences.  That  is,  there  is  no 
significant  increase  in  loss  of  life  and/or  economic  loss  from  dam  failure 
compared  to  without  dam  failure.  If  failure  alvrays  results  in  a  significant 
(S^  Para.  4,  Ajpandix  B)  irazrease  in  losses,  regardless  of  the  inflow  event, 
the  design  flood  event  chosen  for  safety  modification  design  purposes  ^ould 
be  the  IMF.  In  the  event  that  BSC  is  determined  to  be  less  than  the  FMF, 

Ehase  II  analysis,  incorporating  a  probabilistic  assessment  of  failure  and  non 
failure  losses,  may  be  initiated,  if  desired,  to  modify  the  project  for  flood 
events  that  exceed  the  BSC.* 

For  hydrologically  deficient  dams,  the  primary  mode  of  failxire  considered 
here  is  from  overtopping  of  the  dam  embankment.  It  is  possible,  however,  that 
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hi^  flc»i?s  passing  tihroui^  the  spillway  may  lead  to  an  erosion  failure  of  the 
spillway.  A  National  Research  Council  stucfy  (1983)  showei  that  of  the  dams 
that  failed,  30  percent  were  caused  by  spillway  failure  due  to  erosion  during 
ensrgency  c^serations.  Embankment  overtopping  causes  erosion  of  the  toe  and 
abutments  of  the  dam.  If  the  overtopping  flows  are  long  enough  in  duration,  a 
weaJcened  section  is  fonr^  in  the  dam.  Ihis  weaJcaned  section  may  "burst”  with 
a  sudd^  release  of  inpcuncied  water,  or  the  dcwncutting  may  continue  forming  a 
breach  to  the  base  of  the  embankment.  Ihe  downstream  peak  flows,  total  volume 
and,  therefore,  consejuences  may  differ  frcm  the  different  failure  rocdes: 
^iilway  failure  or  erosion  weafenei  enhankroent  failure. 

A  failure  of  the  dam  will  result  in  at  least  a  short  term  (3-5  year)  loss 
of  seme  or  all  of  the  beneficial  outputs  produced  by  the  dairv/reservoir.  The 
downstream  consequences  of  an  embankment  failure  are  likely  to  be  severe. 

Large  areas  are  likely  to  be  inundated  that  had  never  experienced  flooding 
since  the  settlement  of  the  region.  In  addition,  the  esetent  of  the  damage 
within  the  "normally"  flood  prone  areas  will  be  more  severe  due  to  high  flow 
velocities  and  large  s^aiment  load  from  a  dam  breach  flow.  The  categories  of 
the  ^momic  consequences  of  flooding  considered  in  STEP  8  are  based  on,  and 
similar  to,  those  described  in  the  "Principles  and  Guidelines"  (P&G)  for  the 
evalmtion  of  the  '*without  condition"  flood  control  project  benefits. 

The  potential  for  loss  of  life  frcm  dam  failiore  is  a  primary  motivation 
for  oonsiderirg  safety  inproving  investments.  Evaluating  the  pc^julation  at 
risk,  the  threatened  pcpjlation,  and  loss  of  life  requires  the  consideration 
of  many  factors  including  the  effectiveness  of  warning  and  the  evacuation  of 
the  threatened  jxspulation.  Effective  warnir^  and  evacuation,  vhere  these  are 
practical,  may  reduce  the  number  of  people  threatened  by  the  dam  failure  flood 
wat^s  as  well  as  raDn-fail\are  ^illway  flows. 

The.  succeeding  sections  provide  a  step  by  step  procedure  for  Ehase  I 
analysis  of  dam  safety  modifications,  as  well  as  suggestions  for  the 
presentation  of  results.  The  outoome  of  Phase  I  is  the  determination  of  the 
BSC  and  the  alternative  that  roost  effectively  achieves  the  BSC.  If  it  is 
determined  that  the  BSC  is  less  than  the  IMF,  the  choice  is  either  to  modify 
the  dam  to  the  BSC  or  justi^  modifying  the  dam  to  a  hi^er  level  vp  to  and 
including  the  IMF  based  on  a  risk-cost  analysis  approach.  This  risk  analysis 
is  to  be  corKducted  as  part  of  Phase  II  analysis,  the  procedures  for  vhich  are 
currently  teing  developed  as  part  of  the  risk  research  program. 
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STEP  1  -  Describa  the  Riysical  Project  Characteristics 


Purpose 

Ihe  purpose  of  STEP  1  is  to  quantitatively  and  c^jalitatively  present  a 
summary  of  the  relevant  physical  characteristics  of  the  proje::t.  Much  of  this 
information  will  be  used  in  later  steps  cis  the  basis  for  deteritiining  the 
threshold  flood  and  the  base  safety  condition.  Most  of  the  information  is 
needed  for  standard  hydrologic  analysis  of  flows  relying  on  coirpiter  based 
models,  such  as  HEC-1. 


a.  Summarize  and  display  the  physical  features  of  the  project. 

'Die  physical  features  of  the  project  as  constructai  should  be  summarized 
and  di^layed  in  a  form  similar  to  Table  III-l.  tfeps  of  the  upstream  basin 
and  downstream  arects  likely  to  be  affected  should  be  displayed,  such  as  that 
shewn  in  Figure  III-l,  as  well  as  the  general  plan,  profile,  and  cross- 
sections  of  the  embanJonent  amd  appurtenamt  structures,  such  as  ^own  in  Figure 
III-2. 


b.  Describe  the  physical  features  of  the  project. 

Die  description  of  the  ccrajponents  of  the  project  related  to  hydrologic 
deficiency  sha^d  be  provided.  These  include  the  octrposition  of  the 
embanlonent,  spill^y,  and  outlet  works  and  an  evaluation  of  their  current 
condition.  Ary  unique  circumstances  that  may  inpact  emergaTcy  operations  of 
the  spillway  or  outlet  works  or  that  could  inflxience  the  choice  of  da-m  safety 
modification  should  be  described.  These  may  include  any  dcawnstream  danw  vh.ose 
safety  mi^t  be  adversely  affected  by  eirergency  eperations  or  failure  of  the 
dam  being  analyzed,  A  description  of  the  watershed  of  the  project  including 
climate  and  soil  conditions  should  be  provided  in  figures  and/or  tables. 


c.  Describe  'hs  eperations  and  use  of  the  project. 

"Hie  eperations  and  teneficial  purposes  of  the  project  should  be 
described.  For  a  corrplete  description.  Operation,  Maintenance  and  Replac:enient 
(CM&R)  cx>sts  as  well  as  the  beneficial  prcducts  of  the  project  should  be 
iiKd-uded.  Yearly  expenditure,  in  constant  dollars,  and  an  historical  average 
for  CM&R  costs  and  estimated  project  benefits  should  be  provided  for  the  most 
receit  experience  of  the  project,  such  as  the  last  10  years.  In  addition,  the 
average  annual  QM&R  cc^ts  and  project  benefits,  based  on  frequency  analysis, 
should  be  evaluated  and  displayed,  such  as  in  Table  III-2. 


P^scribe  tiie  eoQncmc  development  vpstream  and  downstream  of  the  dam. 

Energency  opsrations  and  safety  imidification  will  inpact  xpstream  and 
dcwnstreaia  developonent.  Land  use  in  affects  areas  should  be 
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inclijding  significant  industrial,  residential  and  reca:aational  areas.  In 
addition,  cottponents  of  the  communications  and  transportation  systems  that  may 
be  inpaired  by  emergency  operation  or  dam  failure,  should  be  identified. 

These  include  bridges  across  the  dcwnstream  channel  and  roads  adjacent  to  the 
channel. 


Table  III-l 


Pertinent  Data 


Drainage  Area . sg.  mi. 

Dam  (rolled  earthfill) : 

Crest  elevation . ft.,  m.s.l. 

Streambed  elevation . ft.,  m.s.l. 

Maximum  hei^t  above  streambed . ft. 

Crest  length . ft. 

Freeboard . ft. 

Spillway  (detached,  broad-crested) : 

Crest  elevation . ft.,  m.s.l. 

Crest  length . ft. 

Elevation  of  maximum  vjater  surface . ft.,  m.s.l. 

Discharge  at  spillway  design  surcharge . c.f.s. 

Outlet  Works; 

Tunnel  (12  ft.  diameter) 

Length . ft. 

Intake  invert  elevation . ft.,  m.s.l. 

(Xttlet  invert  elevation . ft.,  m.s.l. 

Gat^  (5.5  ft.  X  8.5  ft.) 

Service . number 

Emergency . number 

Discharge  at  spillway  crest  elevation . c.f.s. 

Reservoir: 

Area  at: 

Spillway  crest . 1 . acres 

Maximum  water  surface . acres 

Dam  Crest, . . acres 

Caj^city  (gross)  at:  x 

Spillway  crest . . ac.ft. 

Maxir©.an  water  surface. . ac.ft. 

D^  crest . . . ac.ft. 

Storage  allocation  below  spillway  crest: 

Flood  control . ac.ft. 

Conservation . . . ac.  ft. 

Recreation . ac.ft. 

Sediitoitation . . ac.ft. 

Standard  project  flood  (design) : 

Total  volusi® . ac.ft. 

Peak  flew.. . . c.f.s. 

Drawdi^im  time  (to  top  of  conservation  pool) . days 

Peak  water  surface  elevation . ft.,  m.s.l. 

Water  surface  area  at  peak . acres 

Inflow  design  flood  (design) : 

Total  volume . ■ . ac.  ft. 

Peak  inflow. . c.f.s. 

Pe^c  oatflcw, . c.f.s. 

Draw±»m  time  (to  ^illway  crest) . . days 


4,770 

895 

612 

283 

975 

5 

865 

no 

890 

41,500 


1,290 

620 

610 

3 

3 

7,000 


13,300 

16,400 

17,100 

1,043,000 

1,409,000 

1,499,000 

608,000 

230,000 

5,000 

200,000 

422,000 

317,000 

27 

845 

10,900 

893,000 

580,000 

50,600 

12.5 
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FIGURE  m-l— MAP  OF  UPSTOEAM  AND  DOWNSTREAM  BASIN 
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figure  III-2 — PLAN  OF  EMBANKMENT  AND  APEURTENANT  STEDCIURES 
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Table  III-2 


Project  Costs  and  Benefits 
(1975-1985) 

Operation  and  Maintenance  Costs:  (in  constant  dollars) 


1975 

1976 

1977 

1978 

1979 

1980 

1981 

1982 

1983 

1984 

1985 


$1,000,000 

$1,000,000 

$1,000,000 

$1,100,000 

$1,100,000 

$1,100,000 

$1,100,000 

$1,100,000 

$1,200,000 

$1,200,000 

$1,200,000 


11-year  average 


$1,100,000 


Project  Benefits:  (in  constant  dollars) 


Flood  Control 

Pecreation 

Total 

1975 

$10,000,000 

$3,500,000 

$13,500,000 

1976 

$12,500,000 

$3,200,000 

$15,700,000 

1977 

$17,000,000 

$2,900,000 

$19,900,000 

1978 

$2,000,000 

$3,700,000 

$5,700,000 

1979 

$20,500,000 

$3,600,000 

$24,100,000 

1980 

$53,000,000 

$3,600,000 

$56,600,000 

1981 

$17,000,000 

$3,400,000 

$20,400,000 

1982 

$7,000,000 

$3,800,000 

$10,800,000 

1983 

$7,500,000  ' 

$4,000,000 

$11,500,000 

1984 

$8,000,000 

$4,100,000 

$12,100,000 

1985 

$9,500,000 

$4,100,000 

$13,600,000 

‘  average 

$14,910,000 

$3,630,000 

$18,540,000 

Average  Annual: 

0  &  M . $1,200,000 

Benefits . $19,500,000 
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STEP  2  -  Determination  of  the  Existing  Threshold  Flood 


Purpose 

Based  on  the  existing  dam  design,  there  is  an  inflow  flood  event  that 
will  e»3eed  the  design  criteria  of  the  dam  and  threatens  dam  failure.  The 
purpose  of  STEP  2  is  to  determine  the  existing  level  of  safety  of  the  dam 
agednst  extreme  hydrologic  events,  (i.e.  those  events  greater  than  the 
designed  criteria.)  This  is  done  by  routing  flood  events,  es^ressed  as 
percentages  of  the  IMF  event  calculated  using  the  most  current  appropriate 
hydrcmeteorological  r^xjrts,  thrcu^  the  reservoir  and  identifying  the  event 
for  vftiioh  the  still  water  level  erKnroaches  on  the  fre^soeurd  necessary  to 
acccanroodate  pot^ial  wind  and  wave  conditions  and  threatens  the  safety  of  the 
structure.  It  is  assumal  that  the  IMF  hydrograph  has  been  determined  through 
some  acx:eptable  aralytical  procedure  or  model  using  the  Probable  Maximum 
Precipitation  (IMP)  and  snowmelt,  where  appropriate,  provided  by  the  National 
W^th^  Service.  The  procedure  used  should  be  identified  and  described.  For 
sinplici^,  the  hydrograph  for  each  percentage  of  the  IMF  can  be  determined  by 
nujltiplying  each  of  the  IMF  ordinates  by  the  appropriate  percentage. 


Rev  Considerations 

1.  What  should  be  assumed  about  the  initicd.  level  of  reservoir  water  prior  to 
the  OTset  of  the  threshold  flood? 

For  Ihase  I  analysis,  the  threshold  flood  should  be  coonoExosed  of  two 
events,  an  antecedent  flood  event  and  a  threshold  flood  event.  The  initial 
reservoir  water  surface  elevation  should  be  determined  by  routing  an 
antecedent  event  throu^  the  reservoir.  In  the  absence  of  more  detailed 
studies,  it  can  be  assumed  that  the  eintecedent  event  begins  5  days  prior  to 
the  onset  of  the  threshold  flood  event  and  should  be  assumed  to  be  50  per  cent 
of  the  succeeding  threshold  flood.  Thus,  for  a  threshold  flood  of  .6  IMF,  the 
antecedent  flood  should  be  a  .3  IMF  event,  vhile  for  a  1  IMF  threshold  flood 
the  antecedent  flood  should  be  a  .5  IMF  event.  Rev  Cons id^rat inns  (3),  below, 
discusses  the  operation  of  the  outlet  worJcs  and  ^illway  gates,  if  any,  for 
both  the  antec&ient  flood  and  the  threshold  flood.  This  same  relationship 
between  the  antecedent  flood  and  succeeding  flood  should  be  maintained  for  all 
floods  evaluated.  Downstream  flow  conditions  should  be  consistent  with  the 
antecedent  conditions  used  in  developing  the  IMF. 


2.  What  should  be  assumed  about  the  appropriate  level  of  freeboard? 

Freeboard  is  intencaed  to  provide  overtopping  protection  against  wave  and 
wind  effects  on  a  full  reservoir.  For  Phase  I,  waye  height,  wind  sett?),  ard 
wave  mm?)  should  be  conpated  following  current  C3orps  of  Engineer  guidance, 
ETL  1110-2-305  for  wave  height,  ETL  1110-2—1614  for  wave  runup,  and  equation 
of  Shore  Protection  Manual,  Coasted  Engineering  Research  Center,  1977, 
for  wind  sett?.  These  calculations  should  be  shewn  such  as  in  Table  III-3 . 
This  freeboard  computed  by  the  aforementioned  methods  is  the  appropriate  value 
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for  Fhase  I  analysis.  Acjcording  to  current  engineering  guidelines,  however, 
feeeboard  should  always  be  at  least  3  feet. 


3.  What  should  be  assumed  about  the  operation  of  spillway  gates,  if  any,  and 
outlet  works? 

Ihe  operation  of  the  outlet  works  emd  spillway  gates,  if  any,  ^ould 
follow  the  regulations  set  forth  in  the  "Water  Control  Manual"  or  historic^ 
operating  criteria  for  the  project.  The  outlet  works  and  spillway  gates  (if 
gated)  should  be  gggiimori  to  be  fully  operational  except  if  unusual  debris 
accumulation  or  other  difficulties  Ccin  be  ctnticipated.  Ihe  gates  can  be 
aggimpid  to  be  less  than  fully  ^erational  but  a  description  of  the  causes 
should  be  discussed,  including  consideration  of  any  difficulties  that  project 
personnel  may  encounter  in  traveling  to  the  dam  to  operate  the  gates. 


The  ThTip^hnid  Flood 

cai  the  assuitptions  about  antecedent  storms,  appropriate  freeboard, 
and  outlet  works  and  ^illway  gate  operations,  the  threshold  flood,  measured 
as  a  proportion  of  the  IMF  event  can  be  determined.  The  threshold  flood  is 
that  flood  that  results  in  a  peak  reservoir  water  surface  elevation  equal  to 
the  dam  crest  elevation  less  the  c^ropriate  freeboard.  Because  of  the 
assumed  relationship  between  the  antecedent  and  design  events  discussed  in  Key 
Consideration  (1) ,  above,  the  threshold  flood  must  be  determined  by  evaluating 
the  water  surface  elevations  for  several  (at  least  4)  antecectent/design  event 
combinations,  e.g.  .125  IMF/. 25  EMF,  .25  IMF/. 50  Hff,  .375  IMF/. 75  IMF,  and 
.5  IMF/1  IMF.  For  ccnibinations  that  would  result  in  flow  over  the  dam 
embanlanent,  the  dam  crest  should  be  hypothetically  raised  in  order  to  route 
the  flood  throu^  the  spillway  and  outlet  works.  Figure  III~3  shows  the 
determination  of  the  threshold  flood  based  on  seven  flood  routings. 

The  threshold  flood  evaluation  results  should  be  displayed  indicating  the 
peak  inflow  rate,  total  volume,  its  proportion  of  the  IMF  flood  and  the  peak 
outflow  rate.  Similar  results  should  also  be  displayed  for  floocte  less  than 
the  threshold.  These  will  be  used  to  determine  the  residual  (^illway 
related)  flood  hazard  'Vith  and  without"  modification. 

If  the  existing  condition  threshold  flood  is  less  than  the  IMF,  further 
analysis  leading  to  the  consideration  of  dam  safe^  improving  alternatives  may 
be  warranted.  Hi^  priori'^  is  being  given  at  this  time  to  the  evaluation  of 
projects  \^ere  the  current  IMF  still  water  elevation  will  overtop  the  dam. 
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TABIE  III-3:  CKLOJUmCH  OF  WIND  SETUP,  WAVE  HEIGHT,  AND  WAVE  HMJP 
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Design  Flood  os  Proportion  of  PMF 


STEP  3  -  Determine  Totcil  Flows  and  Downstream  Inundation  from  the  Ihre^old 
Flood  "with  eind  without"  Dam  Failiore  and  from  Lesser  Floods 


Purtx)se 

The  threshold  flood,  determined  in  STEP  2,  is  presumed  to  result  in  the 
formation  of  a  breadi  in  the  dam  embankment  or  spillway  and  provides  the  basis 
for  considering  dam  safety  modifications.  The  purpose  of  STEP  3  is  to  predict 
the  extent  of  the  increment  of  dcwnstream  inundation  from  the  failure  flood 
and  the  travel  time  of  the  flood  wave  from  the  water  flcwii^  out  of  the  dam 
ccnpared  to  inundation  levels  from  the  same  inflow  flood  without  dam  failure. 
Outflows  include  those  throu^  the  spillway  and  outlet  works  as  well  as  the 
breach.  The  results  of  this  step  will  be  used  to  produce  inundation  maps  for 
the  evaluaticai  of  potential  fatalities  and  economic  losses.  This  step 
includes  the  evaluation  of  the  increased  losses  from  lesser,  non-failure 
floods  because  seme  dam  safety  modifications  proposed  in  STEP  10  may  increase 
the  downstream  hazard  from  these  lesser  floods  cenpared  to  the  existing 
conditiOTi. 


Key  Oonsiderations 

1.  V3hich  breach  formation  and  breach  flow  routing  model  should  be  used? 

There  are  three  readily  available  conputer  models  that  are  useful  in 
predicting  dam  fedlure  breach  flows  and  dcwnstream  inundation.  These  are: 

1. )  Siaplified  Dam-Break  (SMPDBK) ;  2)  HEC-1;  and  3)  National  Weather  Service 
Dam-Break  (DAMBRK) .  The  most  sophisticated  and  potentially  most  accurate  is 
DRMBRK.  It  provides  a  ccnplete  solution  to  the  breach  and  flow  hydraulics. 
EAMBRK,  however,  does  not  have  the  capability  to  generate  inf  lew  hydrographs, 
so  a  watershed  model,  such  as  HEC-1,  is  needed  to  ooipute  the  reservoir  and 
tributary  inflow.  D?^MERK  is  the  preferred  model  for  dam  ■Failure  analysis. 
HEC-1  has  scmesihat  less  sophisticated  hydraulic  calculations  than  DAMBRK  and 
should  not  be  used  for  dam  failure  analysis  vhere  significant  backwater 
prcblems  occur.  HEC-1  is  probably  more  familiar  to  most  dam  d^igners  and  dam 
safety  analysts  and  has  the  advantage  of  integrating  the  hydrologic  and 
hydraulic  analyses.  SMTOBK  is  less  sophisticated  and  accurate  conpared  to 
DAMBl^  but  may  be  more  accurate  for  dam  failure  analysis  than  HEC-1.  The  data 
requirements  are  less  and  the  ease  of  use  is  greater  than  the  other  two 
models.  SMFDBK,  however,  shculd  be  used  caily  for  a  preliminary  estimate  of 
the  flood  wave.  Potaitiid  users  of  SMPDBK  are  cautioned  to  refer  to  HEC 
Research  Memo  No.  45  for  more  information  about  its  use. 

2.  What  are  the  appropriate  values  of  user  specified  parameters  used  in 
modeling  the  breach  formation? 

Peak  outflows  throu^  a  breach  are  very  sensitive  to  several  key 
parameters.  These  include:  time  for  ccnplete  breach  development;  minimum 
elevation  of  breach  bottom;  breach  bottom  width;  and,  breach  side  slope. 
Becai^  these  para^ters  may  be  hi^ily  variable  for  any  individual  dam,  a 
sensitivity  analysis  ^ould  be  conducted  to  determine  the  sensitivity  of 
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Minimna  Elevation 
of  Breadi  Bottom 


Table  III-4 

IVpical  Initial  Dam  Breach  Parameters 


Breadi  Bottom  Width 
Breach  Side  Slope 
Breach  Develcpnait  Time 


Stream  Bed  Elevation 

Hei^t  of  embankment 
2  Vertical:  1  Horizontal 
2  hours 


breach  flows  to  variaticai  in  these  parameters.  This  sensitivity  analysis  will 
provide  a  range  of  roost  probable  breach  flows  and  therefore  downstream  extent 
of  inundation.  Some  initial  values  can  be  suggested  based  on  the  literature 
on  earthfill  dam  overtopping  failure.  These  are  presented  in  Table  III-4. 
Other  values  can  be  used  and  the  most  likely  Vcilues,  based  on  historical  data, 
embankment  construction  and  condition,  and  professional  judgment  should  be 
identifiai.  IticDonald  and  Langridge-Monopolis  (1984)  have  written  a  useful 
paper  on  the  subject. 

3 .  Which  downstream  cross-sectional  profiles  diould  be  used  in  the  downstream 
routing? 

DAMES^  requires  cross-sectional  profiles  as  an  input  and  the  accuracy  of 
the  other  models  can  be  inproved  by  specifying  these  profiles.  Natural  river 
valley  constrictions  as  well  as  off-channel  storage  of  flood  water  can  modify 
downstream  flows  and  inundation  levels.  Therefore,  the  dcwnstream  points  for 
cross  sections  used  in  the  river  routing  should  be  judiciously  chosen  to 
reflect  these  features.  Additional  cross  sections  should  encarpass  economic 
development  and  population  oienters,  vhich  are  of  particular  interest  in  the 
evalxaation  of  the  economic  and  social  consequences  of  dam  feiilure.  The  HEC 
program  "Geometric  Elements  from  Cross  Section  Coordinates"  (GEDA)  can  be 
helpful  for  developing  cross-sections  r^juired  for  DAMBRK. 


Threshold  Flood  Downstream  Flows  and  Inundation 

All  three  models  used  for  dam  failure  analysis  can  provide  downstream 
flows  and  stages  from  both  the  threshold  flood  and  smaller  events  identified 
in  STEP  2.  In  addition,  the  models  estimate  the  travel  times  of  the  flood 
wave  from  the  dam  to  identified  points  downstream.  Therefore,  based  on  the 
assunptions  discussed  above,  the  output  of  the  routing  model  should  be 
display©!  for  the  floods  routed  ip  to  and  including  the  threshold  flood.  This 
information  should  include  peak  flows  and  water  surface  elevations  for  the 
id©Ttified  points  downstream,  as  well  as,  the  travel  times  of  the  flood  wave 
flows  from  the  dam  to  inundation  of  specified  elevations  or  flood  zones  at  the 
downstream  points.  For  non-failure  floods  the  travel  times  should  be  measured 
frcm  the  time  of  threatening  spillway  discharge  flows  until  the  time  the  flood 
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water  reaches  specified  stages  in  each  reach  downstream.  For  the  thre^old 
flood  with  failvire,  the  time  should  be  mectsured  frcan  the  time  the  Tnayimtm  pool 
elevation  is  reached  until  the  failure  flood  reaches  specified  stages  in  each 
reach  downstream.  Thus,  the  failure  flow  time  Includes  the  time  it  tav-pg  for 
the  breach  to  form.  Table  III-5  provides  an  exanple  display  of  the 
iitfonnation  generated  in  STEP  3.  A  stage-hydrograph,  di^laying  the  rate  of 
rise  at  various  cross-sections  would  be  equally  usefiil. 
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TABLE  in-5 


Summary  of  Threshold  Flood  Characteristics 


II 

II 

II 

II 

1 1 
II 
II 

Mi  les 

Downstream 

from  Dam 

I  -5 

1  2 

1 

5 

1  10 

Discharge 

at  Dam 

<cfs) 

{Elevation 
|(ft.  msl.) 

Time  to 

Elev.* * 

(hours) 

1 

{Elevation 
{(ft.  msl.) 

Time  to  { 

Elev.*  {Elevation 
(hours)  {(ft.  msl.) 

Time  to 

Elev.* 

(hours) 

I 

(Elevation 
{(ft.  msl.) 

Time  to 

Elev.* 

(hours) 

II 

138000 

I  870 

0 

{  867 

0.5  I 

857 

1.5 

(  842 

5 

II 

229000 

I  875 

4 

{  872 

4.5  1 

862 

5 

I  847 

8.5 

jWithout  Failurell 

266000 

I  880 

9 

{  877 

9.5  1 

867 

10 

(  852 

13.5 

1 

II 

305000 

I  885 

15 

{  882 

15.5  1 

872 

16 

{  857 

19.5 

1 

II 

324000 

I  **890 

24 

{  **887 

24.5  1 

**877 

25 

I  **862 

28.5 

1  =  =  S33333SXSSS33S33XarSXXS333XS333SSSaS3S33»XS«3aSB333SSX33S333SZ33XX»533=SSSS 

S33SS3S33 

II 

It 

II 

II 

11 

II 

II 

It 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

II 

324000 

I  890 

0 

{  887 

^  1 

877 

0 

{  862 

0 

II 

405000 

I  892 

0.5 

{  889 

1  ( 

879 

1.5 

{  864 

2 

|Uith  Failure 

II 

450000 

I  895 

1 

(  892 

2  ( 

881 

2 

{  866 

4 

II 

600000 

I  899 

1.5 

{  896 

2.5  { 

884 

3 

{  869 

6 

II 

779000 

I  ***907 

2 

{  902 

3-5  ( 

***890 

5 

1  ***873 

8 

NOTE: 


Discharge  at  dam  without  failure  shows  the  progression  of  discharge  over  time  up  to  the  peak 
failure  discharge.  The  discharge  at  the  dam  with  failure  shows  the  progression  of  outflows, 
including  the  breach  flow,  up  to  the  peak  breach  flow  at  the  dam. 


wi thout 


*  Measured  from  beginning  of  spillway  flow  without  failure 
and  from  the  beginning  of  breach  with  failure 

Threshold  flood  maximum  elevation  without  failure. 


***Threshold  flood  maximum  elevation  with  failure. 
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Mi'RP  4  -  Coirpute  the  HypotheticcG.  Maximum  Dam  Failure  Flows  and  Downstream 
Inundation 


Purpose 

Ihe  purpop**  of  wrRP  4  is  to  determine  the  maximum  lateral  boundaries  for 
the  ry^ngv^-ion  of  data  on  eccaiomic  and  life  losses  for  the  suoceaiing  steps. 

cxambination  of  raising  the  dam  crest  euid  a  IMF  event  results  in 
determining  the  hypothetical  maximum  lateral  extent  and  d^)th  of  flooding  frcm 
dam  failure.  All  lesser  failure  and  non-failure  floods  will  inundate  a  su^t 
of  this  area.  Therefore,  the  collection  of  data  on  damageable  property  and 
papulation  downstream  from  a  dam  can  be  acconplished  with  a  single  effort. 

The  assunptions  for  the  fedlure  routing  for  this  hypothetical  event  should  be 
consistent  with  those  used  in  STEP  3. 

Hie  collection  of  data  cannot  be  limited  merely  to  the  zone  or  inCTement 
between  the  flfyrf  stage  due  to  the  threshold  failure  flood  and  the  maximum  IMF 
feLllure  for  several  reasons.  Foremost  is  the  desirabili'^  of  data 

consistency  and  analytical  uniformi"^.  Much  of  the  analysis  will  depend  on 
excellent  secondary  data  sources  v^ch  are  often  more  current  than  the 
existing  inventories  of  structures  vhich  have  been  v^xiated  only  to  reflect 
inflation,  means  that  the  updated  original  flood  damages  prevented  by 

the  project  may  differ  from  the  ocmputation  based  on  secondary,  bA  more 
current  sources.  For  the  sake  of  uniformity  of  approach  and  consistency  of 
results,  the  entire  lateral  zone  of  inundation  needs  to  be  reexamined.  The 
second  reason  for  collecting  data  for  the  entire  inundated  area  is  that 
certain  modifications  can  iirpose  residual  damages,  upstream  and  downsteeam, 
for  flood  events  less  than  the  threshold  flood.  Thus,  the  increment  ^ 
Hamagoc  below  the  threshold  flood  may  become  a  significant  consideration  in 
selecting  the  most  economiccLl  alternative. 
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STEP  5  -  Prepare  Inurdation  Ifeps  and  Collect  Data  on  Damageable  Property  and 
Populations  for  the  Hypothetical  Maximum  Flooding  Determined  in  STEP  4 


Puixose 

STEP  4  determined  the  hypothetical  maximum  dam  fcdlure  condition  for  the 
p^iiposes  of  data  collecticai.  STEP  5  requires  the  collection  of  date  for  use 
in  estimating  economic  flood  losses  and  life  losses  in  the  succeeding  st^js. 
All  other  failure  and  non—failure  flood  ev^its  will  affect  only  a  portion  of 
this  property  and  population. 


Key  Considerations 

Is  a  oomplete  survey  of  potential  losses  in  the  inundated  areas  required? 

One  difficulty  with  estimating  flood  damage  from  a  dam  failure  flood  or 
even  a  spillway  flood  is  that  large  areas  may  e:q5erience  flooding  for  the 
first  time.  Little  information  about  the  land  use  and  economic  activities  may 
be  known  for  these  areas.  Because  of  the  uncertainties  about  the  extent  of 
flooding  and  the  inpact  of  failure  flow  velocities  and  sediment  load  on 
structures,  secondary  da-ha  should  be  used  as  much  as  rxjssible.  This  is 
particularly  true  in  urbcin  areais  v4iere  development  is  extensive  but  vAiere  a 
wealth  of  may  currently  be  available.  Secondary  date  sources  include 
National  Flood  Insurance  claims  date,  Census  of  Population  and  Census  of 
Business,  other  published  reports,  and  local  property  tax  assessment  records.  • 
Seme  field  verification  of  estimates  based  on  secondary  date  is  required  and 
the  estlirate  of  both  dam  failure  and  non-fedlure  flood  losses  ^ould 
be  msde  emplcying  past  esqierience,  locad.  knowledge,  and  professional  judgment. 

It  is  reccromended  that  the  inimdatei  area  be  divided  into  flood  depth 
zones.  Ihe  average  depth  of  flooding  in  ary  zone  can  then  be  used  in 
'  estimating  damage  from  existing  depth-percent  damage  relationships.  In 
addition,  the  inundated  area  should  be  identified  by  land  use  types  such  as 
residential  commercial,  industrial,  agriculture,  etc.  Ihese  land  use  types 
can  be  further  subclassified  betsed  on  other  factors  such  eis  average  home 
value.  Therefore,  average  estimation  of  structure  and  contents  v^ue  can  be 
applied  to  the  various  land  use  classifications.  It  is  not  practical  to 
collect  damage  data  on  a  structure-by-structure  basis.  Therefore,  methods 
that  rely  on  statistical  sanpling  eind  analysis  should  be  considered. 


STEP  6  -  Prepare  Inundation  Maps  for  Threshold  Flood. 


Purtxsse 

The  output  of  STEP  3  includes  river  stages  at  various  points  downstream 
from  the  Ham  resulting  frcaa  the  threshold  flood  induced  dam  breach  as  well  as 
lesser  flood  events  safely  passed  by  the  dam.  The  purpose  of  STEP  6  is  to 
identic  downstream  areeus  inundated  from  the  flood  events.  This  step  is  a 
follow-tp  to  STEP  5  vhich  delineates  the  lateral  bound^ies  of  the 
"hypothetical  maximum"  Ham  failure  flood  event.  Of  primary  interest  is  the 
difference  in  the  extent  of  the  affected  areas  at  the  threshold  flood  with  and 
without  dam  failure.  This  information  will  be  used  to  determine  economic 
flood  losses  and  the  population  threatened  by  failure  and  nonfailure  floods. 
Maps  ought  to  i^ow  the  lateral  extent  of  flooded  areas,  including  a 
characterization  (by  zones  or  cells)  of  the  pc^julation,  cross-sectional 
profiles  of  stream  gradient,  flood  stages  and  significant  economic,  cultural, 
and  ecological  features.  Figures  III— 4,  —5,  and  —6  ^ow  an  exairple  for- 
presenting  this  information.  Because  the  p^ulation  immediately  downstream 
ftxm  the  dam  (less  than  2  hours  travel  time)  is  liJoely  to  have  the  least 
warning,  the  ne^ps  of  the  inundated  areas  and  pc^xilation  at  risk  for  the  first 
few  downstream  should  be  in  a  leurger  scale  (for  example  1:24,000  USGS 

quad  sheet)  showing  the  affected  areas  in  greater  detcdl,  if  possible. 

Smaller  scale  maps  (1:250,000)  may  be  used  for  r^rt  summary  purposes,  to 
show  the  chcuracteristics  of  the  downstream  areeis  beyond  the  2  hours  travel 
titi^  limit.  <  Maps  pr^jared  for  emergency  warning  and  evacuation  planning  at 
the  larger  scale  (1:24,000)  and  that  are  used  for  detailed  stage-damage 
analysis  ou^t  to  be  included  in  an  appendix  to  the  report. 
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FIGURE  III-4— -DEIAHED  MAP  OF  INUNDATION  AREAS  IMMEDIATELY  DOWNSTREAM  OF  DAM 
(1:24,000) 


FIGURE  III-5--MAP  OF  INUNDATiai  AREAS  (1:250,000) 
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Miles  from  Dam 


STEP  7  -  Detennine  Population  at  Risk  from  the  Threshold  Flood  and  Lesser 
Events 


Purtxase 

A  major  reason  for  iirproving  dam  safety  is  to  avoid  the  loss  of  life  that 
would  liJcely  occur  from  a  dam  fedlure.  The  purpose  of  STEP  7  is  to  determine 
the  number  of  persons  that  mi^t  be  exposed  to  flood  waters.  Because  of  the 
current  state  of  the  art  in  predicting  flood  caused  fatalities,  the  population 
at  risk  (PAR)  will  be  defined  as  all  those  persons  that  would  be  e^^xDsed  to 
flood  waters  if  they  took  no  rntaagii-npis  to  evacuate.  The  PAR  will  be  used  in 
STEP  10  to  estimate  the  threatened  population  (TP)  and  loss  of  life  (IDL) . 


Key  considerations 

1.  Is  the  PAR  the  same  for  all  flood  events? 

The  PAR  is  generally  different  d^)ending  on  the  extent  of  inundation. 
Thus,  since  larger  floods  inundate  larger  areas,  more  people  may  be  exposed  to 
flood  waters. 

2.  Is  the  PAR  the  same  throu^iout  the  day  and  time  of  year? 

The  downstream  PAR  can  vary  depending  on  the  time  of  day  and  season  of 
the  year.  For  instance,  a  projected  inundation  area  may  contain  large 
employment  centers  that  are  almost  irrcctpied  during  ni^t  time  hours. 
Therefore,  a  ni^it  time  failure  flood  wave  would  e:po6e  fewer  pec^le  to  flood 
waters  than  a  daytime  failure  flood  wave.  Conversely  for  residential  areas, 
ni^t  time  fedlures  are  likely  to  expose  more  people  to  flood  waters  than 
daytime  failure.  Another  reason  for  variation  in  the  PAR  is  that  the 
,  dcwnstream  area  may  contciin  recreation  sites  that  may  have  large  transient 
populations  but  only  during  specific  seasons  of  the  year.  These  different 
PAR'S  should  be  estimated  separately  to  adlow  adjustment  in  likely  fatalities. 

3.  Wouldn't  warning  and  evacuation  reduce  the  PAR? 

Warning  and  evacuation  will  be  considered  in  estimating  the  threatened 
Txpulation.  The  threatened  peculation  will  be  defined  as  those  persons  likely 
to  be  exposed  to  flood  waters  assuming  that  warnings  have  been  issued  in  a 
manner  that  could  be  ejpected  under  current  conditions.  In  the  future,  as 
refinements  in  the  models  for  estimating  the  PAR  become  available,  they  will 
be  incorporated  into  an  enpiriccil  loss  of  life  (IDL)  model. 


Determinincr  the  PAR 

The  PAR  is  defined  as  all  those  persons  that  would  be  exposed  to  flood 
waters  if  they  took  no  measures  to  evacuate.  The  PAR,  TP,  and  IDL  will  be 
adjusted  in  STEP  10  to  determine  the  probable  PAR  ,  probable  TP.  and  probable 
IPL  by  considering  the  season  of  year  and  time  of  day  that  a  dam  failure  may 
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occur.  Bie  seeison  or  period  of  the  year  selected  should  be  consistent  with 
assunptions  made  in  ccitputing  the  fMF  (i.e.  rainfall  on  snowmelt,  tropical 
storm,  ect. )  These  probable  values  should  not  be  confused  with  expected  PAR, 
expected  TP.  or  expected  IDL  vhich  is  the  expected  value  of  PAR,  TP,  and  IDL, 
respectively,  based  on  the  probability  of  dam  feiilure.  These  «<pected  values 
will  be  e^^lored  in  Phase  II  as  part  of  a  risk-cost  analysis,  if  needed. 

Based  on  the  inundation  maps  from  the  existing  condition  threshold  flood  and 
specified  lesser  floods,  areas  of  inundation  were  identified  in  STEP  6.  Usojig 
secondary  as  much  as  possible,  the  permanent  and  transient  population  in 
the  thr^at«>ri<3rf  arecis  should  be  estimated.  The  transient  peculation  ^ould  be 
identified  in  terms  of  the  time  of  day  sr)^Gx:  season  these  individuals  are 
likely  to  be  in  the  threatened  cuea.  SpeciaLL  care  must  be  taken  in  estimating 
the  population  in  vehicles  traveling  throu^  the  area.  The  PAR'S  should  be 
identified  by  flood  depth  zone  in  each  reach  since  the  time  to  inundation  for 
each  zone  will  differ.  Each  of  the  PAR'S  should  also  be  identified  in  terms 
of  the  Tniniitium  potential  vaming  time.  This  time  should  be  measured  for  the 
threshold  flood,  as  well  as  all  other  failure  floods,  as  the  time  frem  maximum 
pool  elevation  until  the  flood  wave  arrives  at  each  PAR.  For  lesser  non¬ 
failure  floods,  this  time  should  be  measured  from  the  time  of  spillway 
discharge  threatening  flows  until  the  flood  water  eirrives  at  each  PAR. 

The  display  of  the  PAR  should  be  in  a  form  similar  to  that  in  Table 
III-6.  Data  for  each  reach  downstream  of  the  dam  should  te  reflected  in  a 
separate  table.  (The  4  foot  flood  zone  increments  shown  in  Table  III-6 
reflect  the  use  of  ccaiputer  database  cinalysis  and  interpolation  across 
contours.)  A  second  table  such  as  Table  III-7  prxjvides  a  summary  of  the 
maviTTTum  daily  and  seasonal  PAR  in  each  reach.  The.  values  in  Table  III-7  are 
referred  to  as  conditional  since  each  PAR  shown  is  conditioned,  on  the  flexxi 
event  occurring  during  the  indicated  time  of  day/season  of  the  year 
ccohination.  The  following  definitions  should  be  used  in  measuring  the  PAR 
categories. 

a.  Permanent  Population  -  nim±)er  of  individuals  vho  live  in  the 

'  threatened  areas  year  round. 

b.  Seasonal  'transients  —  the  number  of  individuals  vho  are  only 

present  in  the  threatened  area  during  particular  seasons  of  the  year. 
These  are  likely  to  be  recreational  visitors  and  seasoned  workers.  'Ihis 
category  ^ould  also  include  the  season  coiponent  of  persons  traversing 
the  threatened  area  in  vehicles. 

c.  Daily  Transients  —  the  total  number  of  individuals  vho  are  present  in 
the  threatened  area  only  during  certain  time  of  the  day.  Th^  do  not 
reside  in  the  threatened  area  but  may  work  or  attend  school  in  the  area 
or  regularly  travel  throu^  the  threatened  area. 
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Population  at  Risk  in  Specified  Flood  Zones  froia  Flood  Event 
by  Season  of  the  Year  and  Time  of  Day 


II 

tl 

«  O 

O 

*  o  o 

O 

•  o  o  o 

O 

•  o  o  o  o  o  o 

•  ooooootninoo 

II 

tl 

II 

•  m 

Oi 

•  CM  ^  '*4’ 

1  CM  ^  ^  N. 

M 

H 

•  x 

II 

**  C 

II 

II 

c  o 

I! 

II 

11 

H 

•  ^ 

II 

II 

11 

ift  a 

•  o 

O 

0 

0 

o 

•  o  o  o 

o 

,  O  O  O  O  O  O 

*  OOOOOOOOOO 

II 

II 

H 

o 

2i. 

•  ex 

o 

o 

1  o  in  sj*  o 

»  O  in  >4  CM  Kl  O 

•  lO 

II 

II 

H 

h-  O 

jj 

II 

H 

a 

II 

II 

11 

II 

II 

•  o 

o 

•  o  o 

o 

loom 

(M 

«  O  O  CM  O  'O 

1  00CM0'400*-0K. 

II 

II 

II 

II 

II 

11 

II 

•  at 

II 

II 

II 

11 

II 

II 

11 

il 

»  Ik 

•  o 

o 

**  o  rj 

OJ 

•  O  (M  N. 

<^ 

•  O  CM  ^  O  Kl 

•  OCMN.>40CMK>'4‘0<M 

II 

il 

II 

*  CM 

1  Kl 

II 

II 

11 

It 

II 

•  o 

II 

tl 

II 

II 

II 

II 

•  o 

o 

•  o  m 

in 

•  o  in  in 

O 

•  o  in  m  in  in  o 

•  oininminincMinocM 

II 

II 

II 

rvi 

•-  'O 

*  >o  o 

II 

11 

c 

•  X 

»  ^ 

II 

tl 

o 

II 

H 

** 

II 

n 

9 

H 

II 

1 

* 

•  o 

o 

•  o  o 

o 

•  o  o  o 

o 

•  o  o  o  o  o  o 

•  ooooooinoom 

It 

tl 

•  OJ 

ni 

*  nj  in 

N. 

•  CM  in  ^  in  o 

•  fMin-^incMT-sr  ki 

If 

II 

o 

•  o 

•  fO  ^ 

•  Kl  in 

II 

n 

H 

tl 

II 

** 

II 

II 

c 

H 

It 

a> 

•  o 

o 

•  o  o 

o 

!  o  o  ni 

,  OJ 

I  O  O  CM  O  4-  Kl 

•  OOCMO^OCMO»p-'0 

il 

tl 

II 

II 

II 

c 

•  ac 

II 

II 

to 

11 

II 

k. 

tl 

II 

II 

II 

•  OCMK^inCMf«ON4inCM 

II 

II 

« 

•  a 

•  o 

o 

•  O  CM 

IM 

•  O  (M  Ni 

o* 

.  O  CM  N.  ^  in  CO 

M 

II 

c 

•  M 

ro 

11 

II 

o 

•  o 

II 

II 

ifi 

II 

II 

<0 

II 

II 

41 

II 

>  tl 

II 

u> 

il 

!  OOOOOOOOOO 

II 

II 

\  o 

o 

•  o  o 

O 

•  o  o  o 

o 

•  o  o  o  o  o  o 

II 

11 

II 

II 

*  z 

II 

II 

II 

II 

11 

il 

tl 

.  II 

II 

II 

II 

1  3 

•  o 

o 

!  o  o 

O 

•  o  o  o 

o 

•  o  o  o  o  o  o 

•  OOOOOOOOOO 

II 

II 

II 

II 

II 

*  o 

II 

II 

II 

II 

II 

II 

It 

>  II 

il 

If 

II 

II 

•  o 

o 

*  o  o 

o 

•  o  o  m 

in 

•  o  o  in  o  o  in 

•  oomoooinooo 

II 

II 

•  o 

o 

•  o  o 

o 

•  o  o  o  ^ 

•  oo«ooooN-oo»n 

II 

tl 

•  z 

IT* 

•-  >4  00  Kl 

'^00rOC^'r-e“O«■ 

II 

II 

c 

.  CM 

II 

II 

O 

It 

II 

c 

II 

.  II 

II 

4>  ♦<» 

II 

C  « 

II 

II 

•  o 

o 

*  o  o 

o 

«  o  o  o 

o 

•  o  o  o  o  o  o 

•  OOOOOOOOOO 

II 

II 

Sg. 

.  N- 

.  fs-  >0 

Kl 

.  fw  ^  O  O  Kl 

.  rv*>oooooooKi 

II 

II 

•  o 

Kl  in  ^ 

■  Kl  in  CM  n4  in  «- 

II 

II 

o  o 

•  CM 

II 

tl 

a.  a. 

II 

II 

II 

,  II 

tl 

tl 

tl 

It 

II 

10 

II 

It 

■D 

>  ♦-» 

•  CO 

i  Nl-  00  «\J 

MW 

♦  >4  CO  CM  >0  O 

»  N4C0CM>0O^e0CM>0-^ 

II 

II 

O  41 

4> 

a 

m 

a 

.  ^  CM  <0 

•  •-•“CMfMCMfnKICC 

II 

It 

o  c 

41  41 

1  • 

III 

•  4  4 

4-F 

f  •  1  k< 

•  t  •  4-* 

II 

It 

o 

4>A 

o 

o 

•  0 

o 

.  .  .  .  o 

*  t  . . . 

II 

II 

Ik  M 

C 

•  o 

>- 

**  O  'J- 

•  O  ^ 

1“ 

♦  O  'nT  ►- 

•  O  %4  »- 

II 

II 

•-  C 

CO 

*  CO  CM  M) 

•  CO  CM  ^  O  s4  CO  CM 

It 

It 

w 

f  •- 

.  «-  «-  CM  CM  CM  Kl 

M 

If 

t  Ik 

11 

•  Ik 

II 

•  Ik 

II 

•  Ik  II 

•  Ik  4»  II 

il 

II 

TJ  V 

•  z 

•  z 

•  Z 

•  Z  ^ 

.  z  k 

II 

II 

O  C 

•  a.  ^ 

41  ^ 

•  a.  ^ 

Of  ^ 

•  Ol  M 

4)  4mI 

•  a.  jiic  41  4^ 

•  CL  D  JC  4»  4-1 

II 

II 

O  41 

1 

m 

OI  4^ 

•  to 

O)  k« 

t  <0 

0»*4- 

■  <0  OIH- 

•  i  — »  «  CA'*- 

II 

II 

—  > 

•  o 

4) 

<0 

*  in  4> 

<0 

•  O  41 

to 

•  in  4>  <0 

•  in  4-*  4)  CO 

It 

II 

Ik  UJ 

Q.  4^ 

•  rvi  Q.  4^ 

•  in  CL  4-»  nj 

•  N>  Q.  4wi  ^ 

•  ho.  (0  CL  4-1  ^0 

II 

II 

♦  • 

w 

<0  ^ 

«  e  w 

(A  CO 

•  •  w 

(A 

1  •  w  CA  V- 

•  -3  0.  w  tA  Kl 

II 

II  It 

a:  3 


III-25 


-  4  flood  zone  begins  at  bank  full  stage 
DAYTIHE  (between  0800  and  1600) 

NIGHTTIME  (between  1600  and  0800) 

WINTER  Sp  -  SPRING  S  -  SUMMER  F  =  FALL 
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■  A  flood  zone  begins  at  bank  full  stage 
DAYTIHE  (between  0800  and  1600) 

NIGHTTIHE  (between  1600  and  0800) 

WINTER  Sp  =  SPRING  S  =  SUMMER  F  =  FALL 


Table  m-7 


CONDITIONAL  PAR  ZN  EACH  REACH 


1 1  BAR  in  Each  SeasaVTlsa 

II  D/W  I  N/W  I  D/Sp  I  N/Sp 


of  the  Day  Ocnbimtlcn 
D/S  I  H/S  I  D/F  I 


1. 10  IMF  II 

I - 11- 

1 .25  IMP  II 


122  I  175 


1 .50  IMP  1 1  282  I  290  I  291 


1 .75  IMP  II  1120  I  1435  |  1138 


124 

1 

175 

1 

180 

1 

190  1 

124 

1 

175 

291 

1 

292 

390 

1 

1 

320  i 

291 

1 

292 

1138 

1 

1438 

1 

1580 

1 

1525  1 

1 

U43 

1 

1 

1441 

■  1  — 
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STEP  8  -  Determine  Economic  Losses  from  Threshold  Flood  and  Specified  Lesser 
Floods 


PinDose 

One  of  the  considerations  in  evaluating  dam  safety  improving  investments 
is  the  increment  in  econcanic  loss  with  dam  failure  cortpared  to  the  economic 
loss  without  fcdlure.  If  with  failure  related  economic  losses  are 
significantly  greater  than  losses  from  the  same  inflow  flood  without  failxire, 
an  investment  to  improve  the  safety  of  the  dam  may  be  warranted.  In  the 
evaluation  of  flood  damages  from  failure  flows,  consideration  may  be  given  to 
velocity  effects  that  may  result  in  greater  flood  damage  from  a  given  flood 
depth  than  normally  estimated  by  standard  depth-damage  functions.  Adjustments 
to  damages  for  flood  flow  velocity  should  be  documented  and  explained. 


Key  Considerations 

1.  Vltiat  items  should  be  included  as  downstream  economic  losses? 

Althou^  "Principles  and  Guidelines"  (P&G)  does  not  provide  procedures 
for  dam  saifety  studies,  it  does  contain  applicable  economic  damage 
oonputational  guidelines  (Flood  Control,  Section  III  for  agriculture  and 
Section  IV  for  urban)  for  identifying  the  acceptable  categories  of  economic 
losses  from  dam  failure  to  include: 

a.  Residential  structure  and  content  damage 

b.  CcEiBiercial  and  industrial  structure  and  content  damage 

c.  A^icultural  losses 

d.  Net  inccane  losses  to  business  and  individuals 

e.  Flood  daonage  to  utility,  transportation  and  ccamnunication  systems 

f .  Flood  danage  to  public  structures  and  contents 

g.  Other  flood  damage  such  as  vehicles  ard  landscaping  inprovements 

h.  Flood  emergency  costs 

i.  Project  benefits  lost  with  failure 

2.  What  items  should  be  included  as  rpstream  economic  losses? 

The  vpstream  economic  losses  are  those  that  may  be  associated  with 
abnormally  hi^  reservoir  water  levels  as  well  as  income  anchor  wealth  losses 
to  activities  made  possible  or  enhanced  by  the  reservoir.  Consideration  of 
these  econcndc  values  may  be  important  in  evaluating  alternatives  that  raise 
the  dam  or  in  the  analysis  of  intentionally  breaching  the  dam.  These  can 
include: 


a.  Income  losses  to  reservoir  related  recreation  business 

b.  losses  in  value  to  property  adjacent  to  the  reservoir 

c.  Damage  to  propeirty  due  to  abnormal  reservoir  levels 

d.  Relocation  costs 
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3.  How  can  cultural  and  environmental  assets  affected  by  abnormally  hi^ 
reservoir  levels  and  dcwnstream  flooding  be  quantified? 

Hi^  reservoir  levels  and  downstream  flooding  frcsn  rare  floods  may 
permanently  damage  or  destroy  inportant  environmental  and  cultural  resources. 
It  is  difficult  to  attach  a  monetary  value  to  these  losses,  Or^  approach 

be  to  use  the  contingent  value  method  to  determine  the  value.  In  most 
cases,  however,  these  especially  important  flood  losses  can  only  be  id^itified 
in  relation  to  the  flood  events.  For  sane  environm^tal  resources,  the 
duration  of  inundation  may  determine  if  the  damage  is  tenporary  or  permanent. 
Ihese  non“monetary  damages  may  be  used  to  influence  the  choice  of  the  remedial 
measure.  For  instance,  raising  a  dam  may  threaten  an  important  rare  stand  of 
woods  or  wildlife  refuge  thrco^  more  frequent  and  longer  duration  backwater 
flooding. 

4.  How  can  non-fatal  hunan  health  effects,  si^  as  psychological  impairment 
and  physical  injury  due  to  flooding,  be  quantified? 

In  addition  to  the  eipenses  of  treating  flood  induced  health  problems, 
there  have  been  several  recent  attempts  to  monetize  the  human  health 
impairment,  i.e.  "trauma  damages,"  caused  by  flooding.  One  example  is 
documented  in  "Estimate  of  Flood-Related  Human  Costs  in  the  1983  Flood  at 
Jacdcson,  Mississippi,"  IWR  Special  Study  for  the  Mobile  District,  U.S.  Amy 
Engineer  Institute  for  Water  Resources,  84-RS-2,  1984. 


Display  of  Results  from  tJl'EP  8  •  . 

Ihe  economic  losses  frcm  the  existing  condition  threshold  flood  as  well 
eis  the  ^)ecified  lesser  floods  should  be  displayed  in  current  year  terms.  For 
ecarrple.  Table  III-8(a)  shows  an  example  for  presenting  the  estimated 
downstream  economic  losses  froti  a  thireshold  of  .75  IMF  as  well  as  from  0.1 
EMF,  .25  IMF  and  .5  IMF  floods,  if  they  occurred  during  1986.  Table  III-8(b) 
shows  an  example  for  presenting  the  estimat&l  upstream  economic  losses  from 
the  same  series  of  inflow  events  in  the  same  year. 
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Table  III-8(a) 


Downstream 

Economic  Losses  from  the 
Hireshold  Flood  cind  Selected  Lesser  Events 


River 

Reach 


Flocxi 

Event 


.10  EMF 


.25  FMF 


.50  IMF 


.75  IMF** 


.75  IMF*** 


.10  IMF 


.25  FMF 


.50  IMF 


.75  IMF** 


.75  IMF*** 


.10  IMF 


.25  IMF 


.50  IMF 


.75  IMF** 


.75  IMF*** 


Economic  Loss  Category* 


B  I  C 


I  E  I  F  I  G 


*Categories 


1  [Subtotal  1  1 
-II  by  II 

II 

Event  1 1 

1  1 

II 

■■■  ’“M 

II 

—  1  1 

II 

1  1 

II 

1  1 

II 

II 

II 

II 

1  1 

II 

II 

II 

II 

11 

1  I 

II 

1  1 

11 

1  1 

II 

1  1 

11 

1  1 

II 

1  1 

11 

II 

1  1 

II 

1  1 

II 

1  1 

11 

I  1 

II 

1  1 
II 

II 

II 

II 

II 

I  1 

II 

1  1 
11 

A.  Residenticd 

B.  Ccnimercial/Industrial 

C.  Incone 

D.  Utility,  Transportation,  and  Ooraraunication 

E.  Public  Prcperty 

F.  Other  Prxoperty  Losses 

G.  Flood  Emergency  Costs 

**  Hireshold  Flood  Event  without  Dam  Failure 

***  Hireshold  Flood  Event  with  Dam  Failure 
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Table  III-8(b) 


l^36tream 

Economic  Lasses  from  the 
Threshold  Flood  and  Selected  Lesser  Events 


1 

1 

1  1 

Economic  Loss  Category* 

II 

Total 

by 

Event 

II 

1  1 

1 

1 

1  rxooa  1 

1  Event  1  A 

1 

B  1  C  1  D  1  E  1  F 

1  G 

II 

1  1 
II 

1 

I.IOI^  1 

1 

!  !  !  ! 

! 

II 

1 

1 

1 

1  "1 . 

1 .25  IMF  1 

1 

till 

1 

II 

II 

1 

1 

1 

1 .50  IMF  1 

1 

1  1  1  1 

1 

II 

II 

1 

1 

1 .75  IMF**  1 

1 

1  1  1  1 
II!! 

1 

II 

II 

1 

1 

1  1 

1 .75  IMF***| 

1 

1  1  1  1 

1 

II 

^Categories 


A.  Residential 

B.  Ccnmercial/Industrial 

C.  Inoome 

D.  Utility,  Transportation,  and  Coninunication 

E.  Public  Property 

F.  Other  Property  losses 

G.  Flood  Emergency  Costs 

**  Threshold  Flood  Event  without  Dam  Failiare 

***  Threshold  Flood  Event  with  Dam  Failiare 
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STEP  9  -  Determination  of  Dam  Failure  Warning  Time 


Purpose 

The  available  to  warn  the  par's  in  each  reach  prior  to  the  arrival 
of  a  flood  wave  is  crucicil  to  reducing  the  lOL  from  a  rare  event  flood.  The 
purpose  of  STEP  9  is  to  describe  the  warning  process  and  to  show  the 
appr^riate  calculation  of  warning  time  for  Ehase  I  analysis.  The  estimated 
warning  time  will  be  used  in  estimating  the  baseline  threatened  pcpulation, 
TP,  in  STEP  10. 


Key  Considerations 

1.  When  is  a  warning  likely  to  be  issued? 

The  at  vhich  a  warning  is  issued  depends  on  site  and  event 
characteristics.  In  general,  a  staged  series  of  warnings,  vhich  are  part  of 
an  overall  plan  for  emergency  actions  and  evacuation,  will  be  issu^  vh^  a^ 
^illway  flood  is  in  progress  and  it  is  thou^t  that  a  dangerous  situation  ^ 
probable  on  weather  and  river  flew  forecasts.  The  threatened  population 

can  be  thou^t  of  as  the  those  individuals  remaining  in  flooded  areas  after 
warning  and  evacuation  has  been  initiated  and  vho  are  actually  ej^xssed  to  the 
flood  waters. 

2.  How  is  warning  time  roeasur^? 

The  warning  time  is  measured  eis  the  difference  in  time  from  vhen  a 
phi  je  warning  is  initially  disseminated  about  a  potential  dam  failure 
condition  (ove3±gpping  or  dam  breach)  until  the  flood  wave  reaches  each  PAR. 
Thus,  warning  time  is  likely  to  be  different  for  different  PAR'S.  This 
definition  of  warning  time  follows  that  developed  by  the  I^i'drology 
Subcoramittee  of  the  Interagency  Advisory  Committee  on  Water  Data  and  reported 
in  "Guidelines  on  Community  Local  Flood  Warning  and  Response  Systems"  (August, 
1985) .  The  Interagency  Committee  defines  actual  flood  warning  time  as  the 
■hiTfle  from  vhen  a  warning  is  issued  to  the  public  until  the  first  occurrence  of 
flooding. 


The  Warning  Process 

It  is  that  project  personnel  are  at  the  dam,  monitoring  the 

weather  and  river  stages  as  well  eis  runoff  forecasts,  prior  to  the  time  that 
water  encroaches  on  the  freeboard  and  are  able  to  implement  the  procedures 
ri<agrrrii-ipH  in  the  "Flood  Emergency  Procedures  Manual"  for  the  project. 
Therefore,  project  pesrsonnel  should  be  in  a  position  to  detect  the  need  to 
publicly  warn  the  downstream  population.  The  warning  dissemination  proems 
time.  Under  the  extreme  conditions  occurring  vhich  lead  to  potential 
overtopping,  however,  there  is  some  lead  time  given  that  tite  spillway 
flood  itself  cxaiprises  a  large,  threatening  event.  Thus,  public  awarenegs  has 
been  hei^tened  to  this  factor.  Any  warning  to  PAR'S  to  evacuate  roust  first 
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be  to  the  local  authorities  v4io  then  must  disseminate  the  warning  to 

the  public.  Any  interrv^jtion  or  delay  in  this  process  reduces  the  amount  of 
Wcu:Tiing  time  and  increases  the  threatened  population. 

Hie  effectiveness  of  warning  can  be  reduced  by  several  factors,  among 

them: 


a.  The  preceding  storms,  urban  floodii^,  and  existing  hi^  water 
conditions  may  disrupt  utility,  coraraunications  and  transportation  system 
in  Idle  area.  The  project  personnel  and  local  authorities  may  have 
dif-ficoilty  in  traveling  to  the  dam  site,  as  well  ais,  issuing  and 
disseminating  the  warning.  These  same  conditions  may  nake  it  difficult 
for  some  PAR'S  to  evacuate  even  if  they  receive  a  warning. 

b.  Some  of  the  PAR  may  have  special  difficulties  in  evacuating  such  as 
the  elderly,  the  hospitcdized  or  the  institutionalized.  Telephone 
directories  may  be  out  of  date  and  the  inaccessible  populace  may  not  be 
adequately  vramed.  Large  nunibers  of  these  specicd.  populations  in  the  PAR 
may  result  in  a  hi<^ier  IDL  than  the  baseline.  These  groi:ps  with  special 
evacuation  difficulties  should  be  identified  to  the  extent  possible  as 
part  of  any  emergency  warning  evacuation  plan. 

c.  The  urgency  of  the  issued  warning. 


The  Warning  Time  for  Each  PAR 

There  is  a  PAR  in  each  reach  and  each  flood  depth  zone  downstream  of  the 
dam  for  each  flood  event.  Warning  time  fca:  each  PAR  begins  vhen  the  local 
authorities  disseminate  an  evacuation  warning.  The  time  elapsed  fixm  public 
warning  issuance  until  the  flood  wave  arrives  at  flood  depth  zone  of  a 
particular  PAR  is  the  warning  and  evacuation  time  for  that  PAR.  Table  III-9 
shows  a  time  line  from  the  time  that  the  warning  is  issued  to  the  local 
authorities  until  the  peak  discharge  from  the  dam  is  reached.  Table  III-IO 
shows  the  flood  wave  travel  times  from  the  dam  to  the  mi(%x3ints  of  the 
downstream  reaches  for  flood  depth  zones  in  each  reach. 

Therefore,  based  on  Table  III-9  and  III-IO,  the  minimum  available  warning 
times  for  each  PAR  can  be  estimated,  for  this  exaiiple,  as  the  flood  wave 
travel  times  for  each  flood  zone/river  reach  combination  plxos  the  time  between 
warning  issuance  and  dam  overtopping. 

If  there  is  no  rational  basis  for  assuming  that  adecjuate  warning  may  be 
given  before  overtopping  or  breach  formation  ocours,  it  may  be  reasonable  to 
assume  that  the  onset  of  a  warning  plan  or  official  notification  begins  vhen 
the  maximum  design  pcol  elevation  is  reached.  Table  III-9  shows  this 
initiaticxi  of  notification  beginning  1  hour  before  acJtual  cvertcpping  or 
breaching  occurs.  In  this  example,  warning  time  b^ins  1/2  hour  before  the 
beginning  of  the  failure  flocxi  wave  travel  time. 
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Table  III-9 


Tijne  Line  of  Warning  Process 

Time 

(hours)  Warning  Process  Event 

-.5  Warning  issued  to  local  authorities  to  evacuate 
threatened  downstream  areas. 

0  Public  warnings  issued  to  eill  threatened  downstream  areas. 
.5  Overtopping  of  dam  begins. 

1.0  Maximum  breach  and  outflow  occurs. 


Table  III-IO 

Flood  Wave  Travel  Times  by  Reach  and  Flood  Zone 


Flood  Wave  Travel  Time*  (hours) 

Distance  from 
Pcpilation 


River 

Reach 

Center  of 

Reach 
to  Dam 

(miles)  0-4 

4-8 

Flood 

8-12 

Depth 

12-16 

Zone  in  Feet 

16-20  20-24 

24-28 

28-32 

1 

0.5  ** 

** 

** 

0.5 

0.5 

0.5 

0.5 

0.6 

2 

2.0  ** 

** 

0.7 

0.8 

0.8 

0.8 

0.9 

N/A 

3 

11.5  ** 

0.8 

0.9 

1.0 

1.2 

1.5 

N/A 

N/A 

4 

22.5  ** 

1.5 

2.0 

3.0 

3.5 

N/A 

N/A 

N/A 

*  Time  measured  frcm  time  of  overtopping 

xmitil  flood  wave  reaches  indicated  flood  zone 

**  Zone  inundated  by  spillway  flood  prior  to  overtopping 

N/A  =  Flood  Zone  not  inundated  ty  failiare  flood 

NOTE:  Minimum  potentiad.  weuniing  time  for  ttfe  PAR  in  each  flood  zone  is 

flood  wave  travel  time  to  each  zone  in  each  reach  plus  the  time  betwe^ 
public  issuance  of  warning  emd  dam  overtopping.  From  Table  III-9,*  time 
between  full  issuance  of  public  warning  and  overtopping  in  this  example 
is  .5  hours. 
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STEP  10  -  Est±jnate  the  Baseline  Probable  PAR,  Probable  TP,  and  Prc±)able  IDL 
fexam  the  Uireshold  Flood  and  Specified  Lesser  Floods 


Purpose 

Phase  I  dam  safety  analysis  requires  the  estination  of  the  probable  PAR, 
probable  TP,  and  probable  IDL  from  the  existing  condition  thresliold  flood  as 
well  as  lesser  floods.  In  STEP  10,  the  probable  PAR,  probable  TP,  and 
probable  IDL  are  estimated  based  on  the  PAR  estimates  determined  in  STEP  8  and 
the  warning  time  in  STEP  9.  A  significant  increment  in  the  probable  IDL  from 
the  failure  of  the  dam  conpared  to  the  IDL  from  the  same  inflow  flood  without 
dam  failure  provides  the  basis  for  considering  dam  safety  iirproving 
modifications  to  hydrologically  deficient  dams. 

At  this  time  there  is  no  generally  accepted  method  of  estimating  the 
effectiveness  of  warning  to  calculate  the  probable  TP  and  probable  IDL  from 
flooding  events.  Research  indicates  that  the  warning  time  for  each  PAR  is  a 
ki^  factor  in  estimating  the  IDL  from  dam  failure  flooding.  Ongoing  dam 
safety  research  should  provide  an  acceptable  methodology  for  estimating  TP  and 
IDL.  Until  this  research  is  oaipleted,  the  probable  PAR  is  the  most 
defensible  measure  for  establishing  the  BSC,  ooitplementary  to  incremental 
economic  losses.  Nevertheless,  estimates  of  the  probable  TP  and  prcbable  IDL 
must  be  made,  if  only  on  the  b^is  of  professional  judgement  and  described 
qualitatively.  Basic  considerations  in  describing  the  TP  and  IDL  include: 

1)  the  variation  in  the  PAR  based  on  time  of  day  and  sea^n  pf  the 
year, 

2)  the  waming  time  for  the  PAR'S, 

3)  the  rate  of  rise  and  flow  velocil^  of  flood  water  at  downstream 
inimdatioin  areas, 

4)  the  flooding  conditions  in  the  threatenKi  areas  prior  to  dam 
fciilure  that  may  make  waming  and  evacuation  difficult, 

5)  the  orientaticxi  of  evacuation  routes  relative  to  the  flood  wave,  and 

6)  other  cor^iderations  such  as  discussed  in  STEP  9. 


Estimating  the  Probable  PAR  and  Probable  TP 


The  estimates  of  the  TP  for  the  tlireshold  flood  and  lesser  floods  in 
Ehase  I  ancilysis  requires  the  evaluation  of  the  effectiveness  of  waming  and 
evacuation  reducing  the  nuitber  of  people  ejqxssed  to  flood  waters  oarpared  to 
the  PAR.  Current  research  in  dam  safety  is  aimed  toward  investigating  waming 
and  evacuation  as  well  as  the  aj^licability  of  evacuation  simulation  models 
for  estimating  the  thraatemd  population. 

The  values  for  PAR  shewn  in  Table  III-7  assume  that  the  flood  event 
oexanrs  during  the  year  but  they  are  still  conditioned,  on  the  seaison  and  time 
of  day.  The  seasonality  used  should  be  consistent  with  the  assumptions  us<=d 
in  determining  the  IMF.  The  maximura  and  minimum  values  of  the  PAR  for  each 
flood  event  tp  to  and  including  the  threshold  flood  should  be  displayed.  If 
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the  flood  event  used  in  the  analysis  is  not  season  specific,  the  annual  range 
of  PAR  should  be  provided.  Ihe  range  of  probable  PAR  is  determi^  from  the 
seasotytiine  of  day  ccaanbinations  of  the  conditional  PAR  estimates  in  Table 
ITT-?,  ihe  results  of  the  range  determination  are  presented  in  Table  III-ll 
for  probable  PAR.  It  is  assumed  in  the  exaitple  that  the  threshold  flood  is 
produced  by  rainfeill  on  sncw  melt  only.  All  the  lesser  events  can  occur  from 
a  variety  of  rciinfall  events,  so  they  are  equally  likely  throu^iout  the  year. 

Note  that  since  there  is  generally  a  one-to-one  relaticnship  between 
discharge  at  the  dam  and  downstream  PAR,  the  information  on  PAR  can  be 
organized  into  a  discharge-PAR  function  for  the  full  range  of  discharges  with 
and  without  dam  fciilure.  This  can  facilitate  the  determination  of  effects  on 
downstream  PAR  from  the  edtemative  safety  modifications,  as  each  modification 
will  cilter  the  with  and  without  failure  discharges  from  the  range  of  flood 
events  considered. 

From  Table  III-ll,  the  probable  PAR  from  dam  failure  at  the  threshold 
flood  is  over  50  per  cent  greater  than  the  probable  PAR  if  the  dam  had  not 
failed  from  this  flood. 


Table  III-ll 
RANGE  OF  PROBABLE  PAR 


II 

II 

Flood  II 
Event  1 1 

1 

Hin. 

Max. 

Range  of  PAR  in  Reach 

1  1 
2  1  3  1 

Hin.  Hax.  |  Min.  Max.  | 

4 

Min. 

1 

1 

1 

Max.  1 

Range  of  Par 
by  Event 

Min.  Max. 

.10  PMF|  I 

0  1 

0 

0  1 

0 

0  1 

0  1 

?  1 

0  1 

0 

0 

.25  PHF|| 

122  1 

190 

63  1 

273 

780  1 

1400  1 

55  1 

82  1 

1020 

1945 

.50  PHF|| 

282  1 

390 

•105  1 

410 

810  1 

1550  1 

158  1 

274  1 

1355 

2624 

.75  PMF|| 

1120  1 

U35 

525  1 

785 

936  1 

1134  1 

238  1 

462  1 

2819 

3816 

.75  PMF*l| 

2430  1 

3026 

1240  1 

1465 

1  1600  1 

1620  1 

520  1 

920  1 

5790 

7031 

*0am  failure  at  threshold  flood 
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STEP  11  -  Di^lay  Esdsting  Condition  Results  and  Prc^iose  Additional  Action 


Purpose 

The  previous  steps  have  estimated  increments  in  economic  losses  and 
probable  PAR,  TP,  and  DDL  from  the  threshold  flood  dam  failure  ootpared  to  the 
situation  if  the  dam  hadn't  failed  as  well  as  losses  from  lesser  floods.  The 
purpose  of  S1EP  11  is  to  summarize  the  extent  of  the  existing  conditicai  dam 
safety  hazard.  At  the  same  time,  this  will  provide  summary  documentation  of 
the  reasons  for  considering  dam  safety  modifications. 

Present  Results  and  Propose  Action 

The  primary  results  from  the  previous  steps  are  in  Table  III-8,  the 
economic  losses.  Table  III-ll,  the  probable  PAR,  and  the  description  of  the  TP 
and  IDL.  These  ^ould  be  reiterated  in  this  step  eitphasizing  the  increment  in 
the  eooncanic  losses  and  probable  IDL  from  the  dam  fciilure  at  the  threshold 
flood  cottpared  to  losses  without  failtire  at  the  threshold  flood.  If  there  is 
a  significant  increment  in  econcimic  losses  or  probable  IDL  due  to  dam  failure, 
additional  study  of  altermtives  to  reduce  the  extent  of  the  dam  safety  hazard 
is  warranted  tandey  Wiagg  j  analysis,  if  there  is  no  significant  increment  in 
ecommic  losses  or  IDL  frcni  dam  failure  at  the  threshold  flood,  however, 
hazard  reducing  alternatives  should  be  evaluated  as  a  Phase  II  dam  safety 
stuty.  This  may  be  particularly  relevant  if  it  is  detomiined  that  the  iirpacts 
of  the  loss  of  project  outputs,  such  as  water  sipply  or  hydropower,  would  be 
severe. 


e 
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STEP  12  -  Identify  Alternatives  to  Reduce  the  Dam  Safety  Hazard  to  People  and 
Property 


Purpose 

STEP  11  provided  summary  documentation  that  the  thre^old  flood  presents 
a  significant  hazard  to  lives  and  property  conpared  to  lesser  flood  events. 
The  hydrologic  deficiency  of  the  dam,  therefore,  warrants  consideration  of 
action  to  reduce  the  likelihood  ancVor  consequences  of  the  hazard.  Ihe 
purpose  of  STEP  12  is  to  identify  the  safety  irproving  alternatives. 

Different  scales  or  levels  of  design  safety  for  each  alternative  proposed 
should  be  evaluated.  These  scales  of  eiltematives  should  be  in  increments  in 
design  flood  events  v?)  to  and  including  the  IMF  event. 


Key  Considerations 

1.  What  alternatives  should  be  considered  for  further  an^ysis? 


The  alternatives  considered  for  further  analysis  should  all  be  physically 
feasible  to  implement.  For  hydrologically  deficient  dams,  alternatives  could 
include:  1)  adding  ^illway  capacity  including  gated  spillways;  2)  raising 
the  crest  of  the  dam;  3)  hardening  the  dam  face;  4)  lowering  the  ^illway 
crest;  5)  improvement  of  reservoir  monitoring  and  emergency  warning  system  and 
evacuation  plans;  6)  permanent  relocation  of  downstream  activities  and 
pcpulation;  7)  construction  of  additional  ipstream  or  downstream  reservoirs; 

8)  reallocation  of  reservoir  storage;  9)  a  combination  of  the  above  structural 
and  nonstructural  measures. 

2.  What  scales  of  the  structural  measures  should  be  ccxisidered? 

Scales  of  eiltematives  should  be  evaluated  to  design  against  not  only  a 
IMF  event,  but  also,  lesser  events.  For  instance,  if  the  threshold  flood  is 
.75  IMF,  scales  of  dam  safety  alternatives  could  be  considered  for  .85,  .95 
and  1.00  IMF  events.  Additionally,  evaluating  safety  modification  for  events 
less  than  the  IMF  cdlows  each  decision  maker  to  make  an  independent  decision 
about  vhen  the  with  and  without  failure  hazard  is  significant. 
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STEP  13  -  Evaluate  the  Costs  of  BSC  Modification  Alternatives. 


Purtxose 

STEP  13  and  STEP  14  will  be  used  to  establish  the  BSC  d^ign  level, 
defined  previously  (See  Introduction^ .  for  dam  safety  modifications  in  STEP 
15.  The  BSC  will  be  determined  at  some  level  from  the  threstiold  flcxxl  (seme 
proportion  of  the  Ffff)  \3p  to  the  FMF  event.  The  purpose  of  S'lEP  13  is  to 
evaluate  the  economic  costs  of  the  eilternative  modifications,  icSentified  in 
STEP  12,  to  reduce  the  hazeteds  from  the  threshold  flexxJ  and  larger  flocjds 
to  the  IMF. 


Key  Considerations 

What  costs  should  be  included? 

All  struztural  measures  entail  construction  costs.  These  should  be 
estimated  using  stcindard  engineering  c3esign  and  construction  cost  evaluation 
methods. 


Costs  of  Alternative  Designs 

The  costs  of  alternatives  identified  in  STEP  12  should  be  evaluated  for 
^  chosen  flood  events  from  the  threshold  flood  \jp  to  the  IMF.  In  addition, 
it  is  possible  that  additional  combinations  of  structuial  iflftagnTTPfg  may  be 
identifi^  and  evaluated.  Specied.  cx>nsideration  should  be  given  to  those 
alternatives  that  cio  not  impose  additional  downstream  hazards  from  flood 
events  less  than  the  threshold  flood.  For  instance,  siitply  widening  the 
^illway  may  inpose  additional  downstream  hazards  fixm  flood  events  less  than 
the  threshold  flood  cempared  to  the  existing  condition.  Thus,  under  these 
ciroaimstances,  raising  the  dam,  if  the  construction  costs  are  not 
significantly  different  than  widening  the  spillway,  would  be  preferred.  It 
must  be  recognized,  however,  that  if  the  raised  dam  fails,  the  failure  flood 
will  likely  result  in  greater  ecxsnoraic  losses  and  IDL  than  failure  of  the 
existing  dam. 

The  results  of  the  cost  evaluaticxi  of  alternatives,  including  an  inproved 
monitoring  system  and  warning  and  evacuation  plan  should  be  displayed  for 
conpari^n.  The  costs  of  enhancing  the  monitoring  system  and  warning  and 
evacuation  plans  should  include  construction  (e.g.  remote  vpstream  gauges) , 
annual  O&M  as  well  as  the  costs  of  inplementing  the  warning  and  evacuation 
plan  ^  an  emergency.  Table  III— 12  shows  an  exairple  of  the  display  of  the 
modification  costs. 
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Costs  to  Modify  Project  to  Accommodate  Specified  Floods 
(in  thousands  of  1985  dollars) 
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STEP  14  -  Evaliiate  Alternatives  in  Terms  of  Uieir  Effectiveness  in  Reducing 
the  Hazard 


Purpose 

The  purpose  of  STEP  14  is  to  evaluate  the  hazard  raJuction  effectiveness 
of  the  alternatives  and  different  scales  of  ciltematives  identified  in  STEP 
12.  This  information  will  be  used  to  establish  the  Base  Safe^  Condition 
(BSC)  in  STEP  15.  From  the  current  Corps  policy  on  modifications  to 
hydrologically  deficient  dams,  the  BSC  is  the  smallest  design  inflow  flood 
event  for  vfeich  there  would  be  in  no  sicmificant  increment  in  economic  losses 
or  ICL  from  dam  falltxre  compared  to  the  dam  passing  the  BSC  flood  safely.  If 
the  increment  in  losses  (fatalities  and/or  eooronic)  is  significant  even  at 
the  IMF,  the  IMF  should  be  selected  as  the  BSC.  Therefore,  after  the  dam 
Scifety  modifications  are  in  place  there  will  be  no  significant  difference  in 
economic  losses  or  IDL  with  and  without  failure  from  the  BSC  flood  event  or 
from,  larger  events  15)  to  the  IMF. 


Key  Considerations 

1.  Should  floods  less  than  the  threshold  flood  be  considered  in  evaluating 
the  reduction  in  the  dam  safety  hazard? 

Seme  alternatives,  particular  ^illway  widening,  will  increase  downstream 
flood  flows  frera  events  less  than  the  threshold  flood.  This  can  increase  the 
downstream  hazard  frem  lesser  floods  conpared  to  the  existing  conditions.  The 
implication  is  that  a  modification  that  increases  flows  feem  lesser  floods  is 
trading-^ff  increases  in  lesser,  non-life  threatening  flood  consequences  for  a 
reduction  in  the  likelihood  of  dam  failure.  Routing  these  lesser  floods 
throu^  the  modified  dam  identifies  the  extent  of  the  tradeoff. 

2.  How  should  the  effectiveness  of  warning  and  evacuation  be  evaluated? 

Warning  and  evacuation  is  designed  to  reduce  the  dam  feiilure  hazard 
primarily  to  the  downstream  PAR.  Evaluating  the  effectiveness  of  warning  and 
evacuation  for  reducing  potential  fatalities  requires  considerable 
professional  judgment.  The  same  considerations  in  the  determination  of 
warning  time  noted  in  STEP  9  should  be  included  in  evaluating  the  ability  of 
warning  to  reduce  the  potential  threatened  population  and  loss  of  life  from 
failure  &/er±s.  The  current  research  into  this  area  ^ould  provide  models  and 
methods  for  evaluating  the  effectiveness  of  warning  and  evacuation.  In  the 
meantime,  the  assuirp^ons  about  the  initiatiai  of  warning,  professional 
judgement  about  the  impact  of  unique  conditions  and  the  subjective  estimates 
about  evacuation  potential  ou^t  to  be  presented  in  ncirrative  form  to  serve  as 
a  basis  for  analysis. 

3.  Should  a  warning  system  and  evacuation  plan  be  considered  in  combination 
of  all  structural  measures? 
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Ihe  effectiveness  of  structural  measures  to  reduce  the  dam  safety  hazard 
should  be  evaluated  considering  the  best  evacuation  that  can  be  esqjected  with 
the  existing  warning  and  evacuation  plans  in  operation  as  well  as  with  an 
enhanced  warning  and  evacuation  plan.  This  allows  evaluation  of  the 
incremental  contribution  of  an  enhanced  warning  and  evacuation  plan  to 
reducing  losses  cottpared  to  the  structural  measure  eilone. 


Evaluation  of  Alternatives 

The  method  for  evaluating  the  dam  safety  hazard  reducticai  follows  the 
st^js  \]sed  to  evaluate  the  existing  level  of  dam  safety  followed  in  STEPS 
3-11.  Each  of  the  scales  of  alternatives  should  be  chosen  to  safely  pass 
intermediate  floods  greater  than  the  threshold  flood  15)  to  the  IMF.  The  end 
result  of  the  process  yields  estimates  of  the  adverse  economic  consequences 
and  loss  of  life  of  each  of  the  "with"  modification  floods  as  well  as  lesser 
floods,  vhere  ajplicable  (See  Kev  Considerations  (1)  above) . 

The  results  of  the  evaluation  of  the  effectiveness  of  alternatives  for 
reducing  the  dam  safety  hazeird  should  be  displayed  as  ^own  in  Tables  III-13 
and  III-14.  Table  III-13  displays  the  probable  PAR  for  various  flood  event 
and  structural  modification  combinations,  also  with  and  without  warning  and 
evacuation  plans.  In  this  case,  the  probable  PAR  could  be  considered  to  be 
sigmficantly  greater  with  dam  failure  than  without  failure  for  all  structural 
modifications  with  design  safety  less  than  the  FMF  event. 

Table  III-14  shows  the  economic  flood  losses  from  various  flood  events 
and  ccmpares  these  losses  to  those  incurred  with  alternative  scales  of  safety 
modification.  Included  in  the  comparison  is  an  evaluation  of  the 
effectiveness  of  warning  and  evacuation  plans  in  reducing  economic  losses.  It 
is  assumed  that  the  warning  allows  the  PAR  to  remove  seme  personal  belongings 
and  vdiides  from  the  threatened  area.  For  this  exairple  it  was  assumed  that 
warning  reduced  property  losses  by  10%.  Current  research  should  provide  a 
basis  refining  this  estimate.  Note  that  widening  the  spillway  increases 
economic  losses  from  flooding  events  less  than  the  threshold  flood  compared  to 
the  existing  spillway  size  (Table  III-14  (a) ) .  Ai^in  in  this  instance,  the 
economic  losses  could  be  considered  to  be  significantly  greater  with  dam 
failure  than  witheut  fcdlure  for  eill  structural  modifications  with  design 
safety  less  than  the  IMF  event.  Note  that  raising  the  dam  increases  the 
failure  economic  losses  and  PAR  from  events  greater  than  the  threshold  flood 
compared  to  the  existing  dam  hei^t.  Also  note  that  although  Tables  III-13 
and  III-14  show  failvire  and  nonfailure  PAR'S  and  economic  losses  for  flood 
wents  greater  than  the  modification  design  level,  these  values  are  not  used 
in  Chase  I.  The  relevant  values  are  those  above  the  bold  line  shown  in  the 
t^les.  They  will  be  necessary  for  Phase  II,  if  Phase  II  aneilysis  is  desired. 
Finally  note  that  althou^  failure  economic  losses  and  PAR  are  dtiown  for  a  IMF 
event  with  a  PMF  design,  it  is  assumed  that  the  dam-will  not  fail  from  a  PMF 
with  a  IMF  design  level.  These  values  will  be  needed,  however,  to  complete 
the  curves  shown  in  Figures  III-7  and  -8. 

Any  other  structural  or  nonstructural  dam  safety  modification  identified 
in  STEP  10,  idiould  be  evaluated  and  displayed  in  a  similar  manner. 


III-42 
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The  failure  PAR,  however,  is  required  to  complete  the  figures. 


Probable  PAR  with  and  without  Warning  and  Evacuation  Plana 
Raise  Dan  Alternative 


— 

t 

■  — 

MM 

a  a 

a 

-  —  — 

.  ^  MM 

-  MM 

i 

-  — X 

a 

.  MM 

a 

* 

« 

•  e  • 

o  • 

o  • 

o  • 

o 

a 

o 

t 

o 

II 

t 

3 

k 

•  « 

mm  • 

o  » 

o 

a 

o 

a 

o 

It 

e 

• 

CK  O 

3 

a  a 

Oi  • 

eo 

N.  • 

09 

a 

o 

a 

CM 

II 

e 

• 

<  JC 

a  a 

* 

• 

O  • 

o 

a 

ep» 

a 

a 

• 

a. 

•mm 

a  1 

a 

(M  • 

CM 

( 

fV 

a 

CM 

a 

• 

an* 

m 

•  1 

a 

a 

a 

a 

a 

II 

• 

3 

Ik 

a  a 

a 

a 

a 

a 

a 

a 

♦ 

« 

.MM  Mi. 

mm 

Jm  MM  J. 

»  mmm  mam 

.  MM  j. 

.  MM.  JLm 

MM 

•  MM 

mL 

.  MM 

II 

t 

•  • 

a 

1 

a 

« 

a 

01 

• 

« 

1  <  • 

<  • 

^  1 

<  • 

< 

a 

< 

1 

« 

II 

c 

1 

c» 

»  » 

^  • 

« 

^  • 

( 

a 

o 

a 

• 

at  iC 

c 

•  X  « 

X  • 

X  • 

X  • 

X 

» 

a 

o 

a 

• 

<  -M 

a 

a 

a 

Ox 

a 

m 

t 

o. 

c 

t  I 

a 

a 

a 

a 

a 

a 

• 

e 

3 

k 

«  « 

a 

t 

a 

a 

1 

II 

K 

• 

c. 

m 

a  a 

• 

a 

a 

• 

a 

II 

e 

• 

3 

3 

a  a 

a 

a 

a 

t 

a 

a 

1 

aMcadi  MM  Mn 

B  «Bm  mam 

mmm 

B  mmmm 

mm 

II 

• 

a«» 

•  1 

• 

a 

a 

« 

II 

u. 

• 

m 

kt 

01 

.  <  . 

<  • 

<  • 

<  • 

< 

• 

< 

a 

« 

a 

ac 

Ik 

3 

c 

•  ^  • 

• 

^  • 

^  • 

a 

a 

o 

a 

Ck 

oc  o 

wa 

1  X  1 

X  • 

SB  • 

3B  * 

X 

a 

X 

a 

o 

a 

• 

<  iC 

C 

1  » 

a 

• 

t 

a 

a 

o 

a 

o 

t 

a.  ^ 

k 

f  1 

a 

a 

a 

t 

» 

lA 

a 

o 

•am 

« 

a  a 

• 

a 

a 

a 

a 

a 

■ 

3 

3 

a  a 

a 

1 

a 

* 

II 

t 

t  t 

a 

1 

a 

a 

•^M 

a  a 

a 

a 

a 

MM 

MM 

II 

a 

** 

« 

*  O  I 

o  * 

o  « 

o  • 

o 

f 

o 

II 

o 

a 

1 

3 

k 

a  a 

^  a 

«»  f 

o  • 

o 

o 

II 

o 

1 

** 

t 

ac  o 

3 

a  a 

a  • 

00  « 

• 

00 

o 

II 

lA 

a 

e 

<  £ 

^0 

a  a 

^  • 

o»  • 

o  t 

o 

a 

t 

e 

* 

a.  V 

•mm 

a  a 

a 

Ai 

CM 

II 

Ai 

a 

t 

9 

*  • 

a 

a 

« 

II 

t 

3 

Ik 

a  a 

a 

a 

a 

II 

a 

in 

* 

a  a 

a 

• 

a 

a 

a 

* 

mmm  amma 

^mm  wi 

kMB  mmm 

mmm  mam 

mama  mma 

4iiim 

mmm 

MBV 

a 

mmm 

1 

♦ 

• 

a  a 

a 

a 

a 

II 

« 

1 

a 

<  < 

<  • 

<  • 

<  • 

< 

o 

II 

O 

a 

o 

1 

0» 

•  V*  • 

•X  • 

>S  t 

t 

o 

a 

m 

< 

c 

1 

as  X 

c 

•  X  < 

X  • 

X  < 

X  < 

X 

t 

( 

•n» 

< 

•e«» 

a  a 

a 

a 

CM 

Ai 

1 

1 

Oi  M. 

c 

a 

a 

a 

a 

«• 

1 

e 

3 

k 

t  ( 

1 

a 

t 

a 

< 

im 

9 

a  a 

• 

a 

• 

a 

t 

3 

3 

a  a 

a 

a 

a 

a 

« 

• 

OTM»  mmm 

•mmm  •mma  mh 

mam 

MB*  mmm 

mmm 

mrntm 

mmtm 

a 

w 

1 

a  a 

a 

a 

( 

1 

• 

m 

** 

9 

•  <  • 

<  • 

<  • 

<  • 

< 

o 

O 

a 

M. 

1 

Ik 

3 

C 

t  • 

'V  • 

'v  . 

o 

O 

a 

X 

ac  o 

mm 

•  X  • 

X  • 

X  « 

X  • 

X 

o 

II 

o 

a 

a. 

<  x: 

c 

a 

a 

a 

CM 

a 

lA 

a 

^  k# 

k 

a  a 

a 

a 

a 

X# 

a 

a 

m 

«*» 

•I 

a  a 

a 

a 

a 

a 

• 

3 

3 

•  * 

a 

a 

a 

a 

— 

— 

a  a 

a  a 

a 

a 

- 

a 

a 

— 

N 

— 

II 

— 

a 

1 

** 

e 

•  o  * 

o  • 

o  * 

o  « 

o 

a 

o 

• 

o 

a 

1 

3 

k 

a  a 

mmm 

o  • 

o 

II 

o 

o 

a 

at  o 

3 

a  a 

O 

oo 

flO 

It 

00 

a 

4> 

<  jO 

a  a 

’X#  • 

9  • 

o  • 

o 

a 

a 

e 

i 

a»  k« 

•mm 

•  *  • 

a 

•• 

CM  • 

Ai 

a 

CM 

CM 

a  * 

• 

• 

•M 

9 

1  • 

a 

* 

1 

a 

a 

M 

« 

3 

Ik 

■  1 

a 

■ 

f 

a 

a 

01 

rv 

f 

1  1 

a 

• 

1 

a 

a 

k 

i 

a 

MM  MM 

MM 

a^M  MB 

I  mmm  mmm 

>  MM  MM 

I  MM  MM 

MM 

a 

^M 

I  MM 

a 

3 

! 

t 

«  • 

a 

• 

• 

a 

• 

a 

01 

i 

• 

« 

•  <  • 

<  1 

<  * 

<  1 

lA 

a 

o 

o 

a 

MM 

01 

• 

01 

•  "Ni  • 

^  • 

^  » 

X.  • 

AJ 

a 

lA 

lA 

a 

»k 

! 

c 

• 

X  X 

C 

•  X  • 

ai  • 

X  * 

X  • 

a 

9 

• 

O 

a 

• 

1 

•mm 

1 

<  ♦* 

•mm 

•  • 

a 

* 

1 

a 

CM 

1 

9 

i 

i 

e» 

c 

t  • 

a 

t 

• 

a 

a 

c 

X 

! 

n 

t 

e 

3 

k 

•  < 

a 

• 

• 

a 

1 

a 

9 

44 

' 

« 

k 

9 

•  1 

a 

1 

« 

a 

1 

a 

> 

i 

K 

i 

3 

3 

1  1 

a 

1 

1 

a 

a 

9 

e 

e 

• 

w# 

MM  ^MT 

M» 

MM  MM  BM 

^  ^mrn  mrnm 

>  MM  MM 

1  MM  MM 

MMB 

11 

MM 

mmm 

MM 

a 

44 

i 

w 

a 

1  1 

a 

1 

• 

a 

• 

a 

tk 

9 

1 

a 

e 

0> 

1  <  ■ 

<  • 

<  • 

<  • 

o 

a 

o 

t 

o 

a 

X 

i 

uu 

a 

Ik 

3 

C 

•  ^  1 

^  t 

"V  » 

^  • 

o 

II 

o 

o 

a 

a. 

a 

I 

X 

a 

X  o 

•mm 

*  X  * 

X  i 

X  • 

X  t 

lA 

II 

o 

o 

a 

• 

6 

1 

o. 

a 

<  X 

c 

1  < 

* 

1 

t 

CO 

a 

a 

o» 

a 

O 

a 

a.  k* 

k 

1  • 

1 

1 

« 

rn 

a 

fA 

xiT 

a 

c 

u 

! 

m 

a 

•mm 

o 

1  • 

$ 

t 

( 

a 

a 

S 

00 

a 

3 

3 

t  t 

1 

• 

■ 

a 

• 

a 

c 

o 

o 

« 

a 

1  • 

■ 

« 

1 

a 

a 

k 

k 

44 

a 

MM 

<^M  MM 

mm 

MM  aMV  MM 

>  MM  ^M 

MM  MM 

MM  MM 

MM 

MM 

MM 

mmm 

MM 

a 

ca 

Xk 

] 

a 

•  1 

1 

• 

N 

t 

a 

a 

3 

•u 

] 

a 

k4 

e 

.  o  < 

o  * 

o  • 

O  n 

o 

• 

o 

1 

o 

a 

ai^ 

9 

a 

3 

k 

t  1 

»“ 

O  II 

o 

t 

o 

a 

o 

a 

X 

•M 

k 

a 

ac  o 

3 

1  1 

9  • 

CO 

II 

lA 

• 

xO 

a 

o 

a 

44 

9 

•M 

t 

<  jc 

(  1 

^  • 

O  1 

O  H 

• 

1 

CM 

a 

*M 

xk 

3 

a 

^  k« 

•M 

*  f 

• 

•• 

CM  H 

AI 

( 

CM 

a 

CM 

a 

3 

CT 

t 

MM 

« 

•  t 

t 

t 

» 

• 

a 

a 

44 

01 

t 

3 

Ik 

■  • 

• 

• 

N 

• 

a 

a 

at 

o 

k 

a 

•  • 

1 

f 

H 

• 

a 

a 

< 

c 

a 

MM  MM 

MM 

«^M  MM  MM 

'  ^M>  MM 

MM  «^M 

—  N 

MM 

MM 

•mmm 

4WIB 

^M 

a 

ck 

9 

j 

f 

•  • 

1 

« 

II 

• 

a 

a 

•ma 

j 

a 

« 

•  ^  • 

<  • 

<  I 

tn  n 

o 

( 

o 

a 

o 

a 

9 

a 

01 

«  • 

'V  » 

« 

m  II 

o 

• 

9 

» 

o 

a 

X 

•M 

01 

a 

ac  iC 

c 

*  X  • 

X  * 

X  * 

00  u 

CO 

1 

CO 

4 

Ox 

a 

44 

3 

k 

c 

a 

<  k» 

1  t 

( 

• 

••  N 

< 

a 

a 

o» 

1 

a 

o. 

e 

•  • 

1 

• 

M 

• 

a 

a 

01 

S 

> 

; 

w 

a 

e 

3 

k 

■  t 

• 

1 

n 

• 

a 

a 

a 

9 

j 

a 

k 

9 

•  • 

• 

1 

a 

• 

■ 

t 

TJ 

3 

a 

3 

3 

■  t 

1 

• 

tt 

• 

a 

a 

C 

O 

1 

K 

a 

M# 

MM  MM 

MM  MM  MM 

MM  MM 

bMb  mm 

—  n 

m^m 

MM 

MM 

mmm 

MM 

a 

O 

01 

X 

111 

a 

•M 

•  • 

1 

t 

a 

■ 

• 

a 

X 

i 

a 

e 

44 

0» 

«  <  • 

<  t 

<  < 

o  n 

o 

■ 

o 

t 

o 

1 

44 

44 

« 

Ik 

a 

Ik 

3 

c 

•  ^  • 

•s*  » 

^  1 

lA  M 

o 

t 

o 

• 

o 

a 

01 

CO 

i 

X 

a 

ac  o 

•M 

•  X  • 

X  • 

X  • 

xO  II 

00 

1 

00 

a 

o. 

Om 

c 

CO 

a. 

a 

a 

<  JC 

^  k# 

c 

k 

1  t 

1  I 

1 

1 

• 

1 

^  II 
fA  N 

N. 

lA 

1 

1 

K 

lA 

1 

1 

00 

lA 

a 

a 

E. 

01 

o 

lA 

a 

M* 

9 

•  t 

t 

1 

H 

• 

a 

a 

o 

<a 

I 

N« 

a 

3 

3 

t 

1 

11 

• 

t 

a 

a. 

01 

9 

J 

• 

a 

•  • 

« 

1 

II 

• 

t 

a 

-o 

k 

i 

* 

mrnam 

MHK 

MM  ^M 

MM  . 

MM  ^M  M. 

MM  MM 

^M  MM 

MM  II 

MM  . 

mmm 

MM  . 

MM 

mm' 

a 

tJ 

3 

•  t 

1 

.1 

a 

1 

• 

a 

01 

tk 

.1^ 

01 

1  1 

1 

*  1 

a 

1 

1 

a 

c 

X 

•M 

c 

ca 

1  Ik  « 

Ik  • 

Ik  f 

Ik  11 

Ik 

t 

Ik 

1 

Ik 

a 

01 

a. 

e 

•M 

•0 

•  X  • 

X  • 

X  • 

X  II 

X 

• 

X 

1 

X 

a 

44 

Xk 

'TJ 

c 

«  Ck  • 

a.  • 

a  • 

Qm  It 

11 

a. 

I 

O. 

• 

a. 

a 

9 

« 

O 

e 

«  • 

• 

• 

> 

1 

a 

9 

9 

O 

> 

*  O  1 

m  ( 

o  * 

lA  M 

lA 

1 

lA 

* 

o 

a 

k 

44 

X 

Ui 

<M  * 

lA  • 

K  tl 

00 

• 

1 

o 

a 

X 

< 

►- 

Ik 

•  •  • 

•  • 

•  • 

«  II 

• 

« 

• 

1 

• 

a 

I— 

« 

* 

MM  MM 

MM  . 

i  • 

< 

■ 

*  II 

— .  . 

1 

. 

■ 

.M. 

a 

a 

« 

« 

I I 1-44 


Table  III-U  (a) 

Downs treaa 

Flood  Losses  with  and  without  Warning  and  Evacuation 
Widen  Spillway. Alternative 
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STEP  15  -  Determination  of  the  Base  Safety  Condition  (BSC) 


Purpose 

The  purpose  of  STEP  15  is  to  combine  the  information  generated  in  STEPS 
13  and  14  to  establi^  the  BSC. 


The  BSC 

The  base  Scrfety  condition  (BSC)  flood  event  is  that  flood  viiere  there  is 
no  significant  increase  in  adverse  craisequences  from  dam  failtrtre  conpared  to 
non-failure  adverse  consequences.  That  is,  there  is  no  significant  increase 
in  loss  of  life  an^or  economic  losses  from  dam  failiure  conpared  to  without 
d^  failine  from  the  BSC  inflow  flood  event.  If  failure  always  results  in  a 
significant  increase  in  losses,  regardless  of  the  inflow  event,  the  design 
flood  event  chosen  for  safety  modification  design  purposes  should  be  the  FMF. 

Figures  III-7  and  III-8,  based  on  Tables  III-13  and  III-14  provide  an 
example  for  displaying  the  establishment  of  the  BSC.  These  tables  ^ow  the 
increment  in  PAR  and  economic  losses  from  dam  fedlure  cotpared  to  without  dam 
fedJLure  for  the  threshold  flood  and  each  intermediate  flood  ip  to  the  IMF.  At 
each  flood  event,  the  hazard  to  lives  and  property  is  evaluated  assuming  that 
the  s^ety  modification  that  can  just  pass  the  flcxDd  is  in  plac». 

^  this  example,  the  BSC  condition  could  be  established  eis  the  IMF.  In 
addition,  a  structural  measure  cxmnbined  with  enhanc:ed  wamirtg  and  evacuation 
may  be  chosen  because  of  the  large  residual  PAR  without  a  warning  plan. 

It  is  possible  that  the  evaluation  of  alternatives  may  establish  the  BSC 
at  less  than  the  traditional  IMF  modification  design  standard.  For  instanc:e. 
Figures  III-9  and  III-IO  show  an  alternate  possible  result  from  the  evaluation 
of  alternatives.  In  this  example,  the  threshold  flcxxi  is  .50  IMF.  The 
evaluation  of  modification  of  edtematives  follcwing  STEPS  1-15  reveals  that 
all  flood  events  greater  than  the  .85  IMF  may  produce  equivalent  with  failure 
and  without  failure  ecanomic  leases  and  PAR'S.  In  this  case,  the  .85  IMF 
could  establish  the  BSC  design  event  for  safety  mod  i  f i  mhi  nn .  Ary 
modifications  to  design  against  larger  flood  events  do  not  reduce  the  extent 
of  tte  h^ard.  That  is,  for  any  modification  alternative-design  flcxxi 
combination  greater  than  .85  IMF,  there  is  no  increase  in  ecanomic  leases  and 
PAR’S  from  dam  failure  conpared  to  without  dam  failure.  It  is  possible, 
however,  that  a  .75  IMF  BSC  design  cxxild  eilso  be  cansidered  to  result  in  no 
significant  difference  in  the  with  ard  without  lazard. 
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Design  Floods  as  Proportion  of  PMF 
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In  the  escattple  shown  in  Figures  III-9  euid  III-IO,  a  reconmendation  of 
Scifety  modifications  for  events  greater  than  .85  IMF,  in  general,  requires  the 
complete  probabilistic  analysis  of  Phase  II.  Special  circumstances  such  as 
small  inoremaTtal  costs  of  providing  IMF  safety  or  future  growth,  however,  may 
provide  jxjstification  for  moving  the  BSC  to  the  IMF  within  Phase  I.  If  future 
growth,  particularly  in  the  PAR,  is  well  si^jported  and  would  justi^  moving 
the  BSC  to  a  larger  design  flood,  the  conditions  and  trends  st^^porting  the 
future  growth  estimate  may  be  described  and  placed  in  the  report. 

As  noted  in  the  DAEN-CW/DAEN-EC  policy  letter  of  8  ;^ril  1985  (Appendix 
B) ,  there  is  currently  no  clear  criterion  for  establishing  vhen  the  difference 
in  the  "with  and  without"  failure  hazard  is  significant.  Therefore,  the 
matericd.  provided  in  the  dam  safety  modification  report  must  be  sufficient  to 
"...permit  others  in  the  decision  chain  to  reach  independent  conclusiCTis" 
about  the  base  safe^  condition. 
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STEP  16  -  Reccaranend  Qioice  of  Alternative  to  Meet  BSC 


Purpose 

Ihe  purpose  of  STEP  16  is  to  provide  a  summary  display  of  the 
documentation  of  the  evaluation  process  and  to  reconmend  a  dam  safety 
modification  for  inplementation.  In  general,  the  aneilysis  conducted  within 
STEP  15  will  define  the  most  cost  effective  rehabilitation  alternative  or 
combination  of  alternatives,  unless  there  are  special  circumstances. 


Key  Considerations 

Must  the  lowest  cost  alternative  of  meeting  the  BSC  be  recommended? 

In  general,  the  lowest  cost  alternative  identified  in  STEP  13  should  be 
leccnimended  for  implementation.  Some  special  circumstances  may  allow  for  the 
reoonmendation  of  a  hi^ixer  cost  alternative,  however.  These  special 
circumstances  may  cover  a  situation  vftiere  the  emergency  cperations  with  the 
lowest  cost  alternative  increase  the  v^^stream  or  downstream  hazard  to  people 
and  property  from  non-failure  threatening  events  ccnpared  to  the  existing 
level  of  Scifety  design.  These  could  include  increases  in  non-failure  economic 
losses  as  well  as  adverse  environmental  impacts.  For  example.  Figure  III-ll 
shows  the  difference  in  residual  non-failure  downstream  economic  losses  from 
widening  the  ^illway  to  safely  pass  the  IMF  compared  to  the  existing  spillway 
Cep^ity  for  the  example  dam.  This  difference  may  be  important,  in  the 
decision  of  vhether  to  widen  the  ^illway  as  a  dam  safety  modification. 


station  2f  the  Choice  sf  Alternatives 


The  end  result  of  Ihase  I  emeilysis  is  a  decision  documvent  describing  the 
prcblem,  the  results  of  the  evaluations  and  a  recommendation  svpported  by  the 
iirformation  presented.  This  process  basically  requires  a  summarization  and 
di^lay  of  the  process  and  results  of  the  previous  st^)s.  The  important 
summary  tables  prepeu^ed  in  each  step  should  be  shewn.  These  should  document 
the  existing  condition  safe^  problems,  describe  the  establishment  of  the  BSC 
as  well  as  the  costs  of  achieving  the  BSC.  Any  criticeil  eussuitptions  used  in 
the  2uialysis  should  be  reiterated  and  supported.  This  document  should  cdso 
contain  a  reit^tion  of:  1)  the  probable  PAR  ••with"  and  "without''  the 
preposed  modification  (Table  III-13  and  Figure  III-7) ;  2)  the  economic  losses 

"with"  and  "without"  the  preposed  modificatiai  (Table  III-14  and  Figures  III-8 
and  III-ll) ;  and;  3)  the  alternative  costs  to  modify  the  project  (Table 
III~12) .  The  discussion  of  the  chosen  alternative  should  provide  toe 
rationale  stpporting  the  reccaranendation,  cempared  to  those  not  reccammended. 
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STEP  17  -  Determinaticai  of  Whether  Breaching  the  Dam  Should  Be  Evaluated  as  an 
Alternative 


Purtxase 

One  final  cxaniponent  of  the  dam  Scifety  modification  decision  document  is 
the  determination  of  the  overall  economic  merit  of  the  modification  proposed 
in  STEP  16.  The  basic  criterion  is  that  the  benefits  of  continued  operation 
of  the  project  should  exceed  the  modification  cost  of  the  project.  If  the 
benefits  of  the  modified  project  are  less  than  the  modification  costs  plus 
annual  operation  and  maintenance  cost  of  the  modified  project,  consideration 
must  be  given  to  breaching  the  dam.  Breaching  the  dam,  however,  incurs  costs 
vhich  must  also  be  used  in  determining  the  option  recommended. 


Evaluation  of  Breaching  the  Dam  as  an  Alternative 

Ihe  benefits  of  various  carponent  outputs  of  the  existing  project,  e.g. 
aood  control,  hydropcuer,  water  sipply,  etc. ,  must  be  evaluated  and  the 
ixDpact  of  the  proposed  modification  on  these  benefits  estimated.  In  some 
instances,  the  with  and  without  modification  project  benefits  will  be  the 
same.  If  the  proposed  modification  increases  or  decreases  project  benefits, 
the  source  euid  value  of  those  increments  or  decrements  must  be  identified  and 
estimated. 

proposed  modification  may  increase  or  decrease  the  annual  cperation 
and  maintenance  costs  of  the  project.  Hiese  should  be  identified  and  value 
estimates  provided. 

The  proposed  modification  costs,  changes  in  OiM  costs  and  modified 
project  benefits  should  be  adjusted  to  an  average  annual  iiagig  using  a  50  year 
life  and  the  federal  discount  rate.  These  adjusted  values  should  be  presented 
in  a  summary  table  such  as  Table  III-15.  If  the  ratio  of  average  annual 
benefits  of  the  modified  project  to  the  average  annual  costs  is  less 

than  1,  an  analysis  of  the  costs  to  breach  the  dam  should  be  prepared.  As 
provided  in  the  8  April  1985  policy  letter,  ''[t]he  rationale  for  not  selecting 
the  breaching  option  will  be  provided  if  inprovement  is  recommended.” 


Table  15 


Breach  Analysis* 


1.  Average  annual  OfiM  costs  of  existing  project  $1,000,000 

2.  Average  annual  O&M  costs  of  selected  modification  $1,100,000 

3.  Average  annual  investment  cost  of  selected  modification  $725,000 

Baise  dam  6  feet  with  first  costs  of  $8,500,000 

Project  Life  =  50  years  Interest  Rate  =  8  3/8% 

4.  Total  average  annual  cost  of  selected  modification  $1,825,000 

(item  2  +  item  3) 

5.  Average  annual  benefits  of  modified  project  **  $19,500,000 


6.  Ratio  of  project  benefits  to  modification  costs  10.7 

(item  5  /  item  4) 

7.  Cost  to  breach  dam  (if  item  6  is  less  than  1.0)  _ _ 


**  Same  as  benefits  for  existing  project  unless  the  proposed  modification 
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APPEM3IX  A 


Background  Discussion  of  Dam  Safety/Risk  Aralysis  Policy  Develcpnent 


DAM  SAFETT/RISK  ANALYSIS 


POLICY  DEVELOPMENT 


1.  BACKGROUND 

The  National  Dam  Safety  Inspection  Program  uncovered  thousands  of  unsafe 
publicly  and  privately  owned  dams.  The  surveys  were  based  on  fairly 
rudimentary  and  qualitative  criteria  and  engineering  judgement.  Among  the 
3000  or  so  dams  identified  as  potentially  unsafe  were  a  number  of  Corps  dams. 
These  Corps  dams  were  not  unsafe  because  of  any  structural  faults,  but  rather 
because  external  conditions  affecting  the  dam  had  changed  since  construction. 
These  included  better  rainfall  information  and  hydrologic  data  upon  which 
computation  of  extreme  flood  events  were  based.  The  potential  for  downstream 
dam  failure  hazards  also  increased  through  growth  in'  downstream  population  and 
economic  development.  Although  most  of  the  Corps  dams  under  consideration 
performed  adequately  according  to  the  original  design  specifications  and 
conditions  based  on  planning  projections,  they  no  longer  met  the  current 
design  standards. 

The  potential  fiscal  and  budgetary  consequences  of  rehabilitating  these 
dams  to  meet  current  hydrologic  conditions  and  engineering  design  standards 
were  substantial.  Because  of  these  concerns,  the  Office  of  the  Assistant 
Secretary  of  the  Army  for  Civil  Works  required  that  a  uniform  approach  to  dam 
safety  (reliability)  evaluation  be  developed.  The  'general  intent  of  the 
approach  was  an  acknowledgement  of  or  explicit  consideration  of  the  risk  of 
dam  failure  due  to  hydrologic  causes,  both  in  terms  of  economic  costs  and  loss 
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of  life 


Since  little  was  known  about  the  practice  of  risk  analysis.  Assistant 
Secretary  of  the  Army  William  R.  Gianelli  concluded  his  request  for  risk 
analysis  by  asking  for  "a  substantial  program  of  research  which  addresses  the 
issue  of  dam  safety  assurance  for  existing  structures  as  it  relates  to  the 
criteria  used  for  spillway  design,"  (letter  of  28  Sept.,  1983,  Appendix  B). 
The  request  specified  that,  as  part  of  a  "well-ordered  spillway  design 
process,"  the  following  factors  needed  to  be  considered  explicitly: 

(1)  "The  relationship  of  the  largest  recorded  floods  in  the  watershed 
as  well  as  in  the  general  area  of  the  project  to  any  proposed 
spillway  design  flood; 

(2)  "The  projected  frequency  of  occurrence  of  the  proposed  spillway 
design  flood; 

(3)  "The  risk  reductions  to  be  derived  from  proposed  spillway 
reconstruction  expenditures  in  the  interest  of  dam  safety 
assurance; 

(4)  "Whether  or  not  downstream  beneficiaries  can  afford  to  pay  the 
cost  of  full  flood  control  protection  and  what  options  should  be 
provided  to  them  assuming  they  will  be  called  upon  to  defray  a 
portion  of  the  costs;  and 

(5)  "Is  there  a  relationship  between  the  degree  of  flood  control 


which  should  be  provided  without  regard  to  who  pays  for  the  costs 

of  the  dam  and  reservoir." 

Secretary  Glanelll's  letter  of  28  September  1983  and  subsequent  correspondence 
with  OCE  set  three  major  activities  Into  motion: 

(a)  A  study  by  the  National  Research  Council’s  (MRC)  "Committee  on 
Safety  Criteria  for  Dams",  jointly  sponsored  by  the  Corps  of 
Engineers  and  the  Bureau  of  Reclamation. 

(b)  The  development  of  a  Corps  "Policy  for  Evaluating  Modifications  of 
Existing  Dams  Related  to  Hydrologic  Deficiencies."  (DAEN-CW/DAEN-EC 
letter  of  8  April,  1985).  [Appendix  C] 

(c)  Initiation  of  a  research  program  at  the  Institute  for  Water 
Resources  and  Hydrologic  Engineering  Center  on  dam  safety  risk 
analysis  for  hydrologlcally  deficient  dams. 

2..  NATIONAL  RESEARCH  COUNCIL’S  REPORT  ON  "SAFETY  OF  DAMS" 

The  Corps  and  Bureau  sponsored  study  by  the  NRC  Committee  on  Safety 
Criteria  for  Dams  was  completed  in  January,  1985.  The  report,  entitled 
"Safety  of  Dams:  Flood  and  Earthquake  Criteria",  influenced  both  the 
formulation  of  Corps  policy  and  the  direction  of  the  research  program.  The 
Corps’  policy  was  to  a  large*  extent  dictated  by  practical  considerations  and 
the  need  to  evaluate  a  current  Inventory  of  hydrologlcally  deficient  dams  with 
a  sparse  information  base  and  very  rudimentary  risk  analysis  concepts  and 
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techniques.  The  procedures  within  the  policy  reflected  the  need  to  make 
on-going  decisions  on  dam  rehabilitation  proposals,  while  integrating  the 
results  of  the  risk  analysis  research  program  in  a  series  of  stages,  tied  to 
the  annual  budget  Justification. 

The  NRC  Committee  recommended  an  approach  to  risk-based  analysis  for  dam 
rehabilitation  (NRC,  1985;  Appendix  E,  pg.  244): 


"A  risk-based  analysis  needs  to  consider  the  conse¬ 
quences  and  costs  of  reservoir  operation  (including  dam¬ 
ages  from  high  lake  levels  and  discharge,  and  also  damage 
to  the  dam  and  from  interruption  of  services)  and  the  rel¬ 
ative  likelihood  of  such  events.  In  general,  four  metrics 
are  used  to  describe  the  consequences  for  each  alternative 
considered: 

1,  likely  loss  of  life; 

2,  economic  damages  from  lake  levels,  releases,  and 
damage  to  the  dam; 

3,  the  cost  of  actions  associated  with  each  modification 
of  the  dam,  reservoir,  and  associated  channels  and  any 
flood  warning  system;  and 

4,  the  coat  of  discontinued  or  interruptions  in  service 
due  to  damage  to  or  the  failure  of  the  dam  because  of  an 
extraordinary  hydrologic  event." 


However,  the  NRC  Committee  also  recognized  that  in  order  to  conduct 
risk-coat  analyses,  estimates  of  probable  frequencies  of  extreme  flood  events 
would  be  required,  along  with  other  explicit  probability  distribution 
functions  for  other  loading  and  resistance  factors,  as  well  as  economic 
benefits  and  costs.  The  NRC  Committee  sought  ".  .  .to  strike  reasonable 
balances  between  what  is  theoretically  desirable  and  what  is  practical  based 
on  current  technologies"  (pg.  97).  Thus,  the  NRC  committee  amended  their 
recommendations  for  risk-based  analysis  with  several  important  caveats.  . 
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First,  in  considering  the  range  of  probable  hazards  from  dam  failure,  the 
Committee  chose  to  categorize  dams,  based  on  qualitative  criteria,  into  low-, 
medium-  and  high-hazard  dams.  The  hazard  classifications  are  based  on  some 
combination  of  measures  of  the  (a)  population  at  risk;  (b)  likely  loss  of 
life;  (c)  economic  losses;  and  Cd)  potential  dam  failure  as  a  proportion  of 
PMF.  In  reconsidering  proposed  hydrologic  criteria  to  be  used  as  the  basis 
for  a  set  of  evaluation-decision  rules  in  lieu  of  a  formal  risk-cost  analysis, 
the  MRC  Committee  found  that  it  was  reasonable  to  separate  new  and  existing 
high-hazard  dams* 

The  Committee  concluded  that  •»,  ,  .retention  of  the  PMF  criteria  for 
design  of  spillways  for  new  dams  in  high-hazard  locations  is  generally 
recommended**  (pg,  99).  In  discussing  the  appropriate  evaluation  criteria  for 
existing  high— hazard  dams,  the  Committee  introduced  two  fundamental  and 
related  concepts,  the  Safety  Evaluation  Flood  (SEF)  and  the  notion  of 
incremental  hazard  analysis  as  the  basis  for  determining  a  "safe"  dam.  The 
SEF  is  defined  as  the  "...largest  reasonable  hypothetical  water  inflow  for 
which  the  safety  of  a  dam  ...  is  to  be  evaluated."  The  SEF  is  essentially  the 
largest  possible  "non-failure"  flood  that  a  dam  can  hold.  The  relevant 
decision  criterion  for  justifying  a  larger  spillway  capacity  or  other  dam 
alteration  capable  of  passing  a  flood  of  magnitude  up  to  the  PMF,  is  whether 
the  incremental  economic  damages  and/or  loss  of  life  due  to  dam  failure  flood 
are  significantly  larger  than  the  SEF,  or  "non-failure"  flood.  The  SEF  can 
also  be  used  as  a  derived  spillway  design  flood  which  is  based  on  hypothetical 
improvements  in  a  dam's  capacity  to  pass  large  floods  to  prevent  dam  failure 

up  to  the  point  at  which  the  increments  in  "failure"  versus  "non-failure" 
damages  are  minimized. 
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The  SEF  is  used  by  the  MRC  Committee  as  a  substitute  risk  evaluation 
criterion,  which  can  be  used  to  compare  failure  and  non-failure  consequences 
relative  to  two  benchmarks,  the  current  threshold  failure  flood  and  the  PMF. 
The  emphasis  on  incremental  analysis,  in  effect,  constitutes  a  decision  rule. 
equivalent  to  selecting  a  project  based  on  a  benefit-cost  ratio  or  based  on 
maximizing  net  benefits.  These  two  evaluation  and  decision  criteria  comprise 
the  basis  for  the  MRC  Committee's  suggestion  for  approaching  the  selection  of 
a  spillway  design  standard  for  existing  high  hazard  dams-. 


The  MRC  Committee  proposed  these  hazard  assessment  criteria  because  they 
concluded  that  ",  .  .there  is  no  single,  universally  correct  approach  to 
evaluating  the  safety  of  all  existing  high— hazard  dams  against  extreme  floods'* 
(pg.  lot).  They  then  postulated  a  two-step  procedure  relying  on  the  two 
criteria  to  separate  existing  high  hazard  dams  into  two  groups.  The  first 
group  consists  of  the  dams  in  which  the  incremental  damages  of  "failure”  are 
much  greater  than  the  current  "non-failure"  damages  due  to  the  SEF. 


"If  it  is  reasonably  probable  that  the  dam  would  fail  if 
overtopped  and  the  incremental  Impact  (marginal  damages  and 
potential  loss  of  life)  clearly  would  be  of  such  magnitude 
that  potential  for  overtopping  must  be  eliminated  insofar 
as  reasonably  possible,  adopt  the  PMF  and  as  the  SEF  and 
proceed  to  develop  any  needed  remedial  measures  to  assure 
that  the  SEF  may  be  safely  passed  with  normal  allowances 
for  freeboard,  etc.  (In  some  situations  encroachment  on 
the  normal  freeboard  allowance  by  the  SEF  may  be  considered 
as  acceptable.)"  (pg  101) 


The  second  group  of  dams  consisted  of  those  where  it  wasn't  clear  whether 
the  remedial  work  needed  to  permit  the  safe  passage  of  a  PMF  (without  dam 
failure)  was  justified.  That  is,  the  increment  in  economic  damages  and  loss 
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of  life  between  the  SEF  and  the  failure  flood  was  not  significantly  different 
to  Justify  moving  to  the  PMF  as  the  design  standard.  It  is  reasonable  to 
expect  that  there  would  be  a  number  of  sound  reasons,  based  on  local 
characteristics  (absence  of  adequate  warning  time,  population  concentrations, 
other  unique  circumstances)  to  Justify  going  beyond  the  SEF,  despite  the 
absence  of  a  significant  difference  between  failure  and  non'-f allure  damages. 
Under  such  circumstances,  where  the  consequences  of  dam  failure  are  determined 
to  be  unacceptable  regardless  of  the  incremental  damages  decision  rule,  then 
the  NRC  Committee  recommends  that  risk-based  analysis  be  undertaken. 

Although,  the  MHC  report  does  not  formally  cover  the  details  of  such  a  risk 
analysis  procedure,  they  provide  an  example  of  risk  analysis  based  on  that 
conducted  by  the  Bureau  of  Reclamation  (NRC;  Appendix  E)  for  dam  safety 
rehabilitation  measures. 

3.  CORPS  POLICY 

The  Corps’  policy  guidance  letter  of  8  April  1985  (Appendix  C),  titled 
"Policy  for  Evaluating  Modifications  of  Existing  Dams  Related  to  Hydrologic 
Deficiencies'*  encompasses  most  of  the  NRC  committee  recommendations  discussed 
previously.  A  few  changes  in  terminology  and  the  addition  of  a  few  specific 
requirements  and  more  detailed  procedures  than  that  offered  in  the  NRC  report 
are  all  that  differentiate  the  two  documents.  The  evaluation  concepts,  are 
virtually  similar. 

Instead  of  the  "Safety  Evaluation  Flood"  (SEF>-  of  the  NRC  Committee's 
suggested  manner  of  analysis,  the  Corps  has  chosen  to  call  it  the  "base  safety 
standard"  or  "condition."  The  Corps'  "threshold  flood"  is  defined  as  the 
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.  .  .flood  that  fully  utilizes  the  existing  structure.  .  .”  The  first  part 
of  the  Corps  analysis,  then,  is  to  determine  at  what  point  the  dam  would  fail 
under  current  conditions.  The  second  component  of  analysis  is  the 
determination  of  a  "base  safety  standard"  or  "condition"  (BSC),  The  BSC 
incorporates  the  notion  of  using  the  increment  in  flood  damages  as  the 
decision  criterion  for  making  a  preliminary  or  first-order  assessment  of  the 
appropriate  spillway  design  standard. 

"The  base  safety  standard  will  be  met  when  a  dam  failure 
related  to  hydrologic  capacity  will  result  in  no 
significant  increase  in  downstream  hazard  (loss  of  life  and 
economic  damages)  over  the  hazard  that  would  have  existed 
if  the  dam  had  not  failed." 

The  Corps'  policy  also  builds  on  the  MRC  Committee's  recommendations  for 
a  two-category  approach  to  risk  analysis.  The  first  category  of  existing  high 
hazard  dams  are  those  for  which  the  incremental  damages  of  the  flood  that 
causes  dam  failure  are  still  significantly  greater  than  the  non-failure  BSC 
flood,  even  when  the  BSC  equals  the  most  currently  computed  and  accepted  PMF 
design  criterion.  The  Corps  terms  this  categorization  of  dams  based  on  a 
comparative  hazard  assessment  through  incremental  economic  damages  as  Phase  I 
analysis.  The  second  category  of  high-hazard  dams  are  those  where  the  BSC  is 
found  to  be  less  than  the  PMF  design  criterion.  That  is,  the  increment  in 
damages  between  the  "failure"  flood  and  "non-failure"  peak  spillway  flood  is 
found  not  to  be  significant  at  some  intermediate  point  between -the  threshold 
flood  causing  failure  under  the  original  design  criteria  and  the  newly 
computed  PMF,  For  these  dams,  any  recommendation  for  moving  beyond  the  BSC  to 
the  PMF  must  be  supported  by  a  formal  risk-cost  analysis.  This  stage  of 
analysis  is  termed  Phase  II  analysis  and  comprises  the  more  classically 


defined  version  of  risk  analysis. 


One  of  the  less  well-developed  but  implicit  aspects  of  the  Corps  policy 
is  the  matter  of  determining  the  Base  Safety  Condition,  Developing  the  BSC 
requires  what  are  essentially  a  aeries  of  iterations  of  several  possible 
remedial  alternatives  (e,g,,  raising  dam^  widening  spillway,  combinations), 
calculating  incremental  damages,  construction  costs  and  effectiveness  in 
meeting  the  BSC.  Each  structural/ non— structural  modification  alternative 
results  in  different  construction  costs,  for  each  increment  of  size  or  scale; 
residual  downstream  and  upstream  damages;  population  at  risk;  and  flood 
control  capability.  These  alternatives  need  to  be  developed  as  part  of 
planning  and  design  activities  for  rehabilitation.  They  are  then  arrayed  to 
demonstrate  the  moat  cost  effective  measure  or  series  of  measures  which  would 
reduce  the  increment  between  •failure"  and  "non-failure"  damages.  The  point 
at. which  the  increment  of  damages  (economic  costs  andZ-or  loss  of  life)  is  no 
longer  considered  significant  (but  less  than  or  equal  to  the  PMF)  defines  the 
BSC. 


The  preliminary  procedures  for  Phase  I  analysis  are  developed  in  detail 
in  Part  III  of  this  report,  and  comprise  part  of  the  outputs  of  the  dam  safety 
risk  analysis  research  program  conducted  by  the  Institute  for  Water  Resources 
and  the  Hydrologic  Engineering  Center.  Procedures  for  risk  analysis  required 
for  Phase  II  dams  are  currently  being  studied  and  developed  as  part  of  the 
case  study  analysis  within  the  research  effort.  A  framework  for  Phase  II  risk 
analysis,  developed  by  the  Bureau  of  Reclamation  has  been  presented  in 
Appendix  E  of  the  National  Research  Council's  report  on  "Safety  Criteria  for 
Dams".  This  framework  would  comprise  one  of  the  methods  examined  and 


developed  as  part  of  the  risk  research  program. 


The  Corps  policy  also  defines  more  clearly  than  the  NRC  report  that  either 
economic  damages  and/or  probable  loss  of  life  may  serve  as  the  basis  for  the 
BSC.  This  condition  then  requires  a  substantial  research  effort  focusing  on 
estimating  loss  of  life  and  defining  economic  damages  from  catastrophic 
failure  floods  and  deriving  appropriate  decision  rules  for  a  very  uncertain 
and  highly  sensitive  evaluation  issue. 

RISK  ANALYSIS  RESEARCH  PROGRAM 

The  Corps’  research  program  was  initiated  in  conjunction  with  the  NRC 
study.  To  a  large  extent  the  research  program  was  dependent  on  the  outcome  of 
the  MRC  study  and  the  Corps’  policy  formulation  in  order  to  focus  the  research 
funds  and  make  most  efficient  use  of  the  limited  time  allotted  to  the  study. 
Simultaneously,  however,  the  research  activities  Included  assistance  in 
developing  the  scope  of  studies  for  the  MRC  effort  as  well  as  that  of  the 
Corps  policy,  while  designing  the  research  effort  to  be  compatible  with  the 
anticipated  recommendations  of  the  MRC  study. 

The  MRC  Committee  recommendations  and  suggestions  as  well  as  the  Corps' 
derivative  policy  guidance  seem  rather  straightforward,  if  not  entirely 
acceptable,  since  it  represents  a  distinct  departure  from  a  traditional 
engineering  reliability  viewpoint.  The  intent  of  the  care-ful  separation  of 
hazard  categories  and  definition  of  decision  rules,  however,  was  to  avoid 
factoring  the  many  uncertainties  of'important  decision  variables  inherent  in  a 
complete  risk  analysis  because  of  the  numerous,  unresolved  methodological 
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issues  enumerated  by  the  NRC  Committee.  Even  though  the  Corps*  Phase  I  risk 
analysis  is  based  on  a  relative  or  comparative  hazard  assessment  (incremental 
damages  between  the  "failure**  and  the  "non-failure"  flood) ,  there  are  still 
many  analytical  and  measurement  problems  that  need  to  be  resolved.  These  will 

become  apparent  upon  applying  the  interim  procedures  developed  in  Part  III  of 
this  report. 


The  MRC  Committee  approached  the  issue  of  the  present  applicability-  of 
risk  analysis  to  dam  safety  rehabilitation  in  the  following  manner: 


"...the  risk  analysis  approach  has  provided  a  significant  trend 
toward  improved  assessments  and  toward  selecting  more  rational, 
site-specific  spiUway  evaluation  standards  within  the  last  few  years. 
Though  risk-cost  analyses  may  appear  to  represent  the  most  desirable 
appwMh  to  the  goal  of  dam  safety  (i.e.,  in  quantifying  hazard,  failure 
prob^ility,  and  acceptable  damage)  at  this  time,  this  method  has  certain 
portMt  problem  areas  or  limitations  that  the  user  needs  to  consider." 

57) 


Among  the  limitations  listed  were  those  delineated  by  an  earlier  ICODS 
(Interagency  Committee  on  Dam  Safety.  1983)  critique  of  risk  analyses  along 
with  other  deficiencies  listed  by  the  MRC  Committee.  The  following  points  are 
listed: 


risk  cost  analyses  requires  estimates  of  the  exceedance  probability 
of  extreme  hydrologic  events.  These  probabilities  are  highly 
variable  and  are  likely  to  affect  the  choice  of  alternatives. 

factors  cannot  be  measured  in  economic  terms  (loss 
oi  lire,  social  dislocation,  environmental  effects). 

relevance  of  analyzing  a  one-time  low  probability  catastrophic 
event  by  annualizing  damages  (expected  value  approach)  is 
questionable. 


reliability  of  hydrologic-hydraulic  models  has  not  been 

determined,  placing  into  question  many  of  the  critical 
ecision  variables  needed  for  economic  and  loss  of  life  analyses. 
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These  include  rate  of  breach  formation,  flood  stage,  travel  time, 
flow  velocity  and  debris  load. 

-  forecasting  future  development  below  a  dam  is  highly  uncertain. 

-  reliance  on  downstream  warning  and  evacuation  plans  for  estimating 
the  threatened  population  and  likely  loss  of  life  is  questionable. 

-  depth  and  duration  of  overtopping  of  dams  without  failure  is 
largely  unknown,  as  are  the  effects  of  encroaching  on  the  freeboard 
and  the  probability  of  spillway  failure  itself. 

Nevertheless,  despite  the  many  recognized  unknotms  and  uncertainties  of 
applying  risk  analysis  to  the  dam  safety  rehabilitation  problem,  the  NRC 
Committee  contends  that  it  is  for  those  very  ,  reasons  that  make  risk  analysis 
an  attractive  technique  as  long  as  the  following  conditions  and  factors  are 
kept  in  the  proper  perspective; 


o  ■  "Risk-based  analyses,  as  presently  performed,  generally  are  not 
Intended  to  replace  appropriately  conservative  design  standards.  Rather, 
risk-based  analyses  provide  additional  information  to  decision  makers  to 
help  them  decide  how  limited  funds  can  best  be  allocated  to  reduce  risks. 

o  Risk— based  analyses  are  not  intended  to  provide  a  sole  basis  for 

making  decisions.  They  only  provide  a  portion  of  the  information  needed. 

o  By  performing  sensitivity  studies,  many  of  the  problems  with 
performing  risk— based  analysis  can  be  minimized  and  the  results  bounded. 

o  The  process  of  performing  a  risk-based  analysis  often  uncovers 
factors  or  sensitivity  relationships  that  might  otherwise  not  be 
identified. 

o  Those  factors  that  cannot  be  measured  in  economic  terms,  such  as 
loss  of  human  life,  can  be  accounted  for  in  separate  risk-based  analyses 
and  given  the  appropriate  weight."  (pg.  59) 


Keeping  in  mind  these  conditions  and  the  fact  that  the  comparative  hazard 
assessment  approach  (Phase  I)  to  rehabilitation  decisionmaking  precludes  moat 
of  the  risk  analysis  problems  discussed,  the  Corps*  risk  research  program  is 
concentrating  on  developing  specific  measurement  and  analysis  approaches  for 
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Phase  I  analysis.  Some  of  the  more  advanced,  probabilistic  approaches  for 
risk-cost  analysis  (Phase  II)  will  also  be  examined,  developed  and  tested  as 
the  results  of  case  studies  are  evaluated. 

5.  INTERIM  PHASE  I  AND  PHASE  II  ANALYSIS 

The  interim  procedures  for  Phase  I  analysis,  l.e.  categorizing  and 
separating  those  dams  for  which  the  BSC  justifies  the  use  of  the  PMF  design 
criterion  from  the  dam  which  require  more  detailed  risk  analysis  are  presented 
in  Part  III  of  this  report.  Establishing  the  BSC,  then,  is  the  fundamental 
component  of  Phase  I  analysis,  and  a  necessary  prerequisite  to  Phase  II 
analysis,  if  necessary. 

The  interim  procedures  for  Phase  I  are  laid  out  in  a  step-wise  manner, 
providing  numerous  examples  of  ways  to  display  the  information  which  is 
developed  as  part  of  the  evaluation  of  the  BSC,  The  organization  and  display 
of  data  is  a  vital  component  of  this  comparative  hazard  assessment  phase, 
enabling  a  comprehensive  overview  of  the  key  considerations  and  decision 
variables. 


Some  of  the  thorny  risk  analysis  related  issues  such  as  estimating  the 
probable  loss— of— life  (rather  than  the  more  easily  measureable  population  at 
risk)  and  the  expected  annual  damages,  which  require  an  accepted  probability 
distribution  for  the  PMF,  will  be  dealt  with  in  a  more  rigorous  manner  as  part 
of  Phase  II  analysis.  In  the  meantime,  loss  of  life  is  to  be  estimated  based 
on  a  simple  set  of  measurement  principles  and  engineering  judgement  as  set 
forth  in  the  example  Phase  I  Procedures  (Part  III). 


However,  much  of  Phase  II 


analysis  is  dependent  of  the  expected  outcome  of  the  research  program  and  the 
case  studies.  Thus,  while  specific,  detailed  procedures  can  not  be  presently 
offered  for  FOA  analysis,  the  research  program  will  be  focussing  first  on  the 
probabilistically  based  analytical  framework  developed  by  the  Bureau  of 
Heclamation  for  dam  rehabilitation  studies.  This  framework  haas  been 

presented  in  the  National  Research  Councils'  report  on  dam  safety  criteria 
(MRC;  t985). 


Phase  II  risk  analysis  is  likely  to  be  a  multiobjective  decision  problem. 
That  is  to  say  that  the  justification  for  increasing  the  level  of  dam  safety 
beyond  the  BSC  toward  the  PMF  as  the  design  criterion  will  be  based  on  a  more 
subjective  weighting  and  trading  off  of  several  different  factors.  The 
risk-cost  analysis  or  tradeoffs  are  likely  to  take  into  account  a  number  of 
intangible  and  subjective  engineering  reliability  and  social  factors.  These 
nay  include  unique  locational  and  population  concentration  factors;  difficulty 
in  evacuating  the  population  given  a  short  warning  time;  projection  of  future 
downstream  growth  and  development  factors;  unique  national  interest,  etc. 

The  justification  for  increments  for  additional  safety  beyond  the  BSC 
will  require  that  additional  risk  reduction  will  have  to  be  explicitly 
balanced  or  traded  off  against  Increased  coats  (risk-cost  analysis).  These 
issues  will  be  dealt  with  in  greater  detail  in  Part  II  of  this  report,  which 
is  also  largely  dependent  on  the  outcome  of  the  research  program. 
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APPENDIX  B 


DAEN-CW/DftEN-EC  Letter  on  Policy  for  Remedial  Dam  Modification  Measures 


DEPARTMENT  OF  THE  ARMY 

U,S  Army  Corps  of  EngM>eers 
WASHINGTON.  D.C.  20314-1000 


•  ,  I’l  . 

'•*  (  i  (  N  r  I  ( )rg  ( 


DAEN-CW/DAEN-EC 


8  April  1985 


SUBJECT:  Policy  for  Evaluating  Modifications  of  Existing  Dams  Related 
to  Hydrologic  Deficiencies 


SEE  DISTRIBUTION 


1.  The  fol lowing  pol icy  will  be  used  to  make  future  decisions  on  the  merits 
of  dam  safety  modifications  related  to  hydrologic  deficiencies  in  lieu  of 
the  current  policy  guidance  contained  in  ER  1130-2-417.  Planning  for  dam 
safety  modification  will  consider  combinations  of  structural  design  modifica¬ 
tions  and  nonstructural  measures,  including  downstream  actions  and  changes  in 
water  control  rules.  The  recommended  plan  should  be  for  the  dam  safety 
modification  which  meets  or  exceeds  a  base  safety  standard.  The  base  safety 
standard  will  be  met  when  a  dam  failure  related  to  hydrologic  capacity  will 
result  in  no  significant  increase  in  downstream  hazard  (loss  of  life  and 
economic  damages)  over  the  hazard  which  would  have  existed  if  the  dam  had  not 
failed.  Recommendations  for  modifications  that  would  accoimiodate  floods 
larger  than  the  flood  identified  by  the  base  safety  standard  must  be  supported 
by  an  analysis  that  presents  the  incremental  costs  and  benefits  of  the  enhanced 
design  in  a  manner  that  demonstrates  the  merits  of  the  recommendation. 

2.  Determination  of  the  flood  that  identifies  the  base  safety  standard  (base 
condition)  will  require  definition  of  the  relationship  between  flood  flows  and 
adverse  impacts  (loss  of  life  and  economic  damages)  with  and  without  dam  failure 
for  a  range  of  floods  from  the  flood  that  fully  utilizes  the  existing  structure 
up  to  the  probable  maximum  flood  (PMF).  Appropriate  freeboard  necessary  to 
accommodate  potential  wind  and  wave  conditions  will  be  included  for  all  flood 
evaluations.  Selection  of  a  base  condition  predicated  on  the  hazard  to  life 
from  dam  failure  will  require  supporting  information  to  demonstrate  that  the 
population  would  actually  be  threatened.  The  evaluation  should  distinguish 
between  population  downstream  of  a  dam  and  the  population  that  would  likely 

be  in  a  life  threatening  situation  given  the  extent  of  prefailure  flooding, 
warning  time  available,  evacuation  opportunities  and  other  factors  that  might 
affect  the  occupancy  of  the  incrementally  inundated  area  at  the  time  the 
failure  occurs.  •  , 

3.  Examples  of  the  analysis  required  to  develop  the  base  condition  are 
illustrated  at  Enclosures  1  and  2  for  the  two  basic  situations  that  may  be 
encountered.  In  the  case  at  Enclosure  1  the  difference  in  hazard  with  versus 
without  failure  may  be  great  enough  to  recommend  the  PMF  as  the  base  condition. 

In  the  case  at  Enclosure  2  the  base  condition  may  be  established  at  a  flood  less 
than  the  PMF.  Making  recommendations  for  project  modifications  exceeding  the 
base  condition  is  covered  in  paragraph  6. 
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4.  Consideration  is  being  given  to  formulating  decision  criteria  to  assist 
in.deciding  the  significance  of  the  hazard  with  versus  without  failure.  At 
this  time  it  is  not  clear  that  such  criteria  can  be  established  for  uniform 
application  to  all  cases  or  that  such  criteria  would  be  appropriate.  As  a 
result  reporting  officers  must  provide  a  clear  rationale  for  the  selection 

of  the  base  condition.  Careful  development  and  explanation  of  the  supporting 
material  should  be  provided  to  permit  others  in  the  decision  chain  to  reach 
independent  conclusions. 

5.  Selection  of  a  base  condition  also  should  reflect  our  traditional  concern 
for  economy.  Modification  costs  in  the  vicinity  of  the  scale  of  improvement 
identified  as  the  base  condition  should  be  examined  for  sudden  increases  in 
the  cost/scale  of  improvement  relationship.  This  type  change  could  occur  for 
instance  when  a  costly  highway  relocation  is  encountered  near  the  scale  of 
improvement  identified  as  the  base  condition.  An  adjustment  in  the  base 
condition  may  be  warranted  in  some  cases.  On  the  other  hand,  the  large 
increase  in  costs  may  be  justified  if  a  significant  reduction  in  the  hazard 
with  versus  without  dam  failure  is  achieved. 

6.  Measures  to  accommodate  floods  larger  than  the  base  condition  may  be 
warranted  in  some  cases.  When  the  value  of  the  project  services  that  would 
be  lost  added  to  repair  costs  for  failure  are  large  enough,  costs  for  struc¬ 
tural  modifications  to  prevent  failure  may  be  economically  justified  in  spite 
of  the  low  probability  of  the  floods  involved. 

7.  Conduct  of  the  analysis  will  require  careful  application  of  professional 
judgment  for  determining  those  parameters  where  data  and  modeling  capability 
are  limited.  Therefore, • the  importance  of  documenting  the  logic  of  the 
assumptions  that  are  critical  to  the  conclusions  and  recommendations  drawn 
from  the  analysis  cannot  be  overemphasized.  Also,  the  evaluation  will  produce 
a  significant  amount  of  information  that  can  be  used  throughout  the  decision¬ 
making  process,  particularly  in  those  cases  where  it  is  appropriate  to  proceed 
beyond  the  base  condition.  The  information  should  be  displayed  in  a  format 
that  assists  the  decisionmaker  when  evaluating  the  important  tradeoffs  involved. 

8.  We  are  initiating  a  study  effort  that  will  improve  the  techniques  and 
procedures  needed  to  implement  this  policy.  The  products  will  be  provided 
to  you  on  a  continuing  basis.  The  first  step  in  this  process  is  a  workshop 
on  hydrological ly  deficient  dams  to  be  held  within  60  days.  A  representative 
from  each  field  division  will  be  invited  to  participate  in  the  workshop  and 
overall  study  effort.  This  participation  will  be  used  as  a  means  of  immediate 
and  continuing  transfer  of  information  on  techniques  and  procedures  to  assist 
you  in  implementation  of  this  dam  safety  policy.  Information  regarding  the 
workshop  is  being  communicated  to  each  division. 
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9.  A  final  test  of  the  merits  of  a  proposed  modification  is  the  comparison 
of  the  total  average  annual  benefits  with  the  annualized  modification  costs. 
In  the  event  that  the  benefits  do  not  exceed  the  costs,  consideration  will 
be  given  to  breaching  the  dam.  The  rationale  for  not  selecting  the  breaching 
option  will  be  provided  if  improvement  is  recommended. 


10.  These  policies  will  be  incorporated  into  ER  1130-2-417,  30  November  1980, 
subject:  Major  Rehabilitation  Program  and  Dam  Safety  Assurance  Program. 


Deputy  Director 
Directorate  of  Engineering 
and  Construction 


DISTRIBUTION: 
(see  page  4) 
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DISTRIBUTION: 

CDR  USACED,  Lower  Mississippi  Valley 

CDR  USACED,  Missouri  River 

CDR  USACED,  New  England 

CDR  USACED,  North  Atlantic 

CDR  USACED,  North  Central 

CDR  USACED,  North  Pacific 

CDR  USACED,  Ohio  River 

CDR  USACED,  Pacific  Ocean 

CDR  USACED,  South  Atlantic 

CDR  USACED,  South  Pacific 

CDR  USACED,  Southwestern 

CDR  USACED,  Memphis 

CDR  USACED,  New  Orleans 

CDR  USACED,  St.  Louis 

CDR  USACED,  Vicksburg 

CDR  USACED,  Kansas  City 

CDR  USACED,  Omaha 

CDR  USACED,  Baltimore 

CDR  USACED,  New  York 

CDR  USACED,  Norfolk 

CDR  USACED,  Philadelphia 

CDR  USACED,  Buffalo 

CDR  USACED,  Chicago 

CDR  USACED,  Detroit 

CDR  USACED,  Rock  Island 

CDR  USACED,  St.  Paul 

CDR  USACED,  ;\laska 

CDR  USACED,  Portland 

CDR  USACED,  Seattle 

CDR  USACED,  Walla  Walla 

CDR  USACED,  Huntington 

CDR  USACED,  Louisville 

CDR  USACED,  Nashville 

CDR  USACED,  Pittsburgh 

CDR  USACED,  Charleston 

CDR  -USACED,  Jacksonville 

CDR  USACED,  Mobile 

CDR  USACED,  Savannah 

CDR  USACED,  Wilmington 

CDR  USACED,  Los  Angeles 

CDR  USACED,  Sacramento 

CDR  USACED,  San  Francisco  .  - 

CDR  USACED,  Albuquerque 

CDR  USACED,  Fort  Worth 

CDR  USACED,  Galveston 

CDR  USACED,  Little  Rock 

CDR  USACED,  Tulsa 
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